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FOREWORD

This volume of the NASA Planetary Flight Handbook contains trajectory data to
aid the mission analyst in planning swingby missions to the planets beyond Jupiter.
Data are contained both for Jupiter swingbys to each of the outermost planets indi-
vidually and for the multi-planet grand tour missions. The volume is a companion to
Part 7 of this handbook series which contains direct trajectory data for flights to the
outer planets. Together they provide a rather comprehensive catalogue of mission
possibilities for the time period 1975 to 1985. Within this decade exist the only
opportunities for almost two centuries to exploit the swingby technique to full advan-
tage. Although swingby mission opportunities will occur again in the nearer future,
none will offer the possibility of the grand tour or of single planet swingbys to all of

the outer planets.

This addition to the NASA SP-35 series of documents was prepared under the
direction of Mike Poteet by the Fort Worth Division of General Dynamics under
contract NAS 2-4982. In addition to that which is due the study manager, credit is
also given to Carolyn Allen for her efforts in preparing the contour charts. Finally,
the assistance given by Susan Norman of the Mission Analysis Division in overseeing

this activity is gratefully acknowledged.

Jerry Deerwester
NASA/OART Mission Analysis Division
January 1969
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Section 1

GENERAL DISCUSSION

This handbook contains trajectory data and related information for outer-planet
swingby missions available during the launch periods 1976 through 1983, Data
for two types of missions are included: single-planet (Jupiter) swingbys to
Saturn, Uranus, Neptune, and Pluto and multiplanet swingbys composed of sequen-
tial encounters with Jupiter, Saturn, Uranus, and Neptune (referred to as grand
tour missions). This handbook, Part 8, is a companion volume to Part 7 which
contains direct, one-way trajectory data for missions to Jupiter in 1981-1986

and to Saturn, Uranus, and Neptune in 1976-1986 (Reference 1).

Background Information

Recently there has been a considerable effort devoted to the analysis of outer-
planet swingby missions (e.g., References 2-8). These studies have centered
on the use of Jupiter as the swingby planet, not only because of the large
trajectory perturbations it can produce, but also as a result of the consider-
ation of such factors as flight time, departure energy, and availability of

post-encounter targets.,

The advantages of the swingby mode lie in the marked reduction in total flight
time (and, to a lesser extent, the reduction in Earth departure energy) which

can be obtained. The flight time improvements are illustrated in Table 1-1 by
comparing a swingby mission with a direct mission to the particular target planet
at a departure energy equal to the direct Hohmann transfer requirement.* As

the departure energy at Earth is increased, the difference between the direct
flight time and that obtained with a swingby decreases. However, for missions

to the planets beyond Saturn, the flight time difference is still appreciable

for departure excess speeds as large as 0.5 EMOS (Table 1-1). It should also

*The Hohmann transfer represents the best possible direct mission and is used
here to provide a consistent basis for comparison. It should be noted,
however, that actual minimum-energy direct missions during most launch years
have significantly different flight times and/or energy requirements due to
the effects of orbit inclination.



be noted that swingby missions to the planets beyond Jupiter are available at
departure energies less than those necessary for direct Hohmann transfers.

This is due to the lower Earth departure excess speed required for the Earth-
Jupiter transfer; the remaining energy requirements are attained as a result

of the close Jupiter encounter,

TABLE 1-1

FLIGHT TIME COMPARISON, SWINGBY* AND DIRECT

Departure Flight Time to Target Planet (Days)
Energy Saturn Uranus Neptune Plute
Hohmann
Direct 2200 5850 11200 16600
Swingby 1180 (1978) 1800 (1979) 2720 (1979) 2750 (1977)
2270 (1980) 6430 (1983) >7600 (1983) 7100 (1980)
0.5 EMOS
Direct 700 1500 2680 >10800
Swingby 660 (1978) 1300 (1979) 1930 (1980) 1970 (1978)
770 (1980) 1970 (1983) 2750 (1983) 2750 (1980)

* Both the best and the worst swingby mission flight times are shown.
The corresponding faunch year is given parenthetically.

The next period in which Jupiter swingby missions to the outer planets are
available occurs in the mid-1970s through the early 1980s. This period offers
a unique opportunity to exploit Jupiter swingbys. The relative planetary align-
ments are such that single-planet swingby (Earth-Jupiter-target) missions are
possible to all of the planets beyond Jupiter. Multiplanet swingby missions
to all of the planets beyond Jupiter, with the exception of Pluto, are also
possible in this period. In this mission mode, Jupiter encounter is followed
by swingbys of one or two additional planets before the target planet is
reached.* Since both the single-planet and multiplanet swingbys involve a
Jupiter swingby, both of these missions exhibit certain general characteristics,
dictated, of course, by the use of Jupiter as the primary swingby planet and
the requirement that total flight times remain within reason. These include:

1. An Earth departure opportunity occurs about every 13 months, i.e.,

essentially, one Earth-Jupiter synodic period.

#ultiplanet swingby data for only the case where Jupiter encounter is followed
by two additional swingbys (i.e., grand tour missions) is presented here.



2. There is a span of 5 launch years for which practicable missions
exist; there are some opportunities adjacent to this span; however,
these exhibit excessive flight times or severely restricted
launch windows.

3. The most favorable missions in terms of Earth departure excess
speed are those with Type I Earth-Jupiter transfers.

4. The periapsis radii at Jupiter are smallest for the earliest
launch year, and increase as the angular separation between
Jupiter and the target (or Saturn, in the case of the grand tour
missions) decreases (i.e., requiring smaller turn angles at

Jupiter or even retrograde Jupiter passages).

For the forthcoming launch period, both single-planet swingbys to each of the
outer planets and multiplanet swingbys are possible, but for subsequent launch
opportunities, such swingbys will occur at rather diverse intervals. These
intervals are essentially governed by the snyodic period of the two outermost
planets of the swingby sequence. A tabulation of these periods is given in
Table 1-2. As can be seen, each single-planet swingby opportunity occurs at
least every 20 years, but a multiplanet mission opportunity of the scale which
occurs a decade from now is a rare event. It will not be duplicated for a
span of years at least as long as the synodic period of Uranus-Neptune, i.e.,

171 years. This single fact is sufficient cause to emphasize the study and

TABLE 1-2
SYNODIC PERIODS OF THE OUTER PLANETS

Saturn Uranus Neptune Pluto
Jupiter | 7250 days (19.9 yrs.) 5050 (13.8) | 4670 (12.8) | 4550 (12.5)
Saturn —- 16570 (45.4) | 13100 (35.9) | 12210 (33.4)
Uranus -—— 62600 (171.4) 46440 (127.1)
Neptune - 179850 (492.4)




the utilization of these missions at the next opportunity. To delay would be
to miss (to all intent forever) the opportunity to make the most efficient use
possible of the swingby mode in terms of available technology and total know-

ledge to be gained.

Organization

The data in this handbook are contained in two separately bound volumes. The
explanatory text and charts are contained in the first volume, while the tabular
data are contained in a single supplementary volume. This, the first volume,
is divided into four sections. An explanatory text, of which this discussion
is a part, comprises Section 1. The table of the planetary constants (used in
the trajectory computations and in the auxiliary charts for determining the
incremental velocity (AV) requirements for departure from Earth and entry into
orbit at the target planet, turn angles during planetary encounter, and times
within the activity sphere of the swingby planet) are contained in Section 2.
Planetary ephemerides for the years 1970 to 2000 are also contained in Section
2. The trajectory data are presented graphically in Sections 3 and 4. The
data in Section 3 are for the single-planet swingby missions. These consist

of one chart for each mission opportunity. Each chart contains curves of con-
stant Earth departure hyperbolic excess speed, target-planet arrival excess
speed, Julian date of Jupiter swingby, and perijove radius, plotted on a grid
of Earth departure date and target planet arrival date. Section 4 contains the
data for the grand tour missions. These consist of 4 charts for each mission
opportunity. Each chart is plotted on a grid of Earth departure date and
Neptune arrival date. The first chart contains curves of constant Earth depar-
ture excess speed and Neptune arrival excess speed. The second, third, and
fourth charts contain curves of constant Earth departure excess speed, Julian
date of swingby, and swingby periapsis radius, for the swingby planets Jupiter,
Saturn, and Uranus, respectively. The appendix to this volume consists of a
description of a data tape which contains a complete record of the tabular
trajectory data contained in the supplement. The supplement contains the
trajectory data for the single-planet (Jupiter) swingby missions to Saturn,
Uranus, Neptune and Pluto and the trajectory data for the grand tour missions.
This supplement is available, upon request, from the Technical Information
Division, Ames Research Center, National Aeronautics and Space Administration,

Moffett Field, California 94035.



Computer Program and Methods

The programs used to obtain the trajectory data are based on the patched-conic
technique. Input requirements are: a date of departure, a date of arrival,

and the set of mean elements defining the departure and arrival planets' orbits.
The planetary orbits are treated as eccentric, mutually inclined ellipses, In
order to maintain consistency with previous volumes of the Planetary Flight
Handbook, the elements are fixed at their osculating values on 1.5 January 1960,

These values are given in Reference 9 and in Section 2 of this volume.

Within the program, the orbital elements are employed to determine the position
and velocity of the departure planet and the arrival planet by iteration on
Kepler's equation. Given the terminal position vectors and the transfer time,
an iterative solution to Lambert's Theorem is used to obtain the elements of

the required transfer conic,

The actual determination of the swingby trajectories consists of the specifica-
tion of the independent variable (date of swingby) for which the excess speeds
of arrival and departure at the swingby planet are equal (within a specified
tolerance). The basic mechanics of the operation consists of making a series

of estimates of the correct swingby date, each time passing through the series
of trajectory calculations implied in the paragraph above. After each pass

the excess speeds at the swingby planet are compared and the process is either
terminated (if the excess speeds have converged) or it is continued by making

a new estimate of the swingby date. The manner in which the estimates of
swingby date are made involves two basic approaches. One approach, used in the
single-planet swingby program, requires that the range of possible swingby dates
be specified, This range is divided into a desired number of increments and

all the Earth-swingby planet and the swingby planet-target planet transfer conics
are determined. For each specified Earth departure date/target-planet arrival
date, the swingby arrival and departure excess speeds for each encounter date
are subtracted and sequentially compared. An algebraic sign change between
successive differences indicates the existence of a solution, i.e., the swingby
date lies between the two dates at the swingby planet corresponding to these
differences. A linear %nterpolation scheme is then used to determine the
swingby date. The second method, used in the multiplanet swingby program,

employs a matrix of sensitivities of the excess speed inequality with respect



to the swingby date to correct an initial set of estimates of the swingby dates.
This method simultaneously varies each swingby date until the sum of the squares
of the differences in departure and arrival excess speed at the respective
swingby planets falls within a specified tolerance. Both of these iterative
procedures are repeated until the difference between the arrival and departure

excess speeds at the swingby planet is less than or equal to 15 m/sec.

These methods are based on the assumption that the only effect of a close
planetary encounter is to rotate the hyperbolic excess velocity vector. This
assumption is valid for the degree of accuracy implied in preliminary design
data; however, it should be mentioned that meaningful errors in flight time
can be introduced when the gravity field effects of the Jovian planets are not

considered.

Magnetic Tape of Trajectory Data

The data contained in the supplement has been stored on magnetic tape in order
to provide access to the trajectory data in a form suitable for direct use by
computer programs employed in mission or system studies. The tape is written
in a 7-track, blocked BCD format with 20 records per block and is compatible
with the 7090/7094 DCS. A detailed description of the organization of the data

on the tape is contained in the Appendix.

A copy of the tape may be obtained by submitting a request to the Director,
Mission Analysis Division, Office of Advanced Research and Technology, National
Aeronautics and Space Administration, Moffett Field, California 94035, A
standard magnetic tape, 2400 feet in length and 1/2 inch in width must accom-
pany the request. The trajectory data will be written on the tape at a density
of 800 bits per inch unless another tape density is specified (e.g., 200 bpi

or 556 bpi).



Section 2
PIANETARY EPHEMERIDES, CONSTANTS,
AND RELATED INFORMATION

This section contains the planetary constants and ephemerides used in the cal-
culation of the interplanetary trajectories. Other information of use to the

mission analyst is also included.

The constants used in the trajectory calculations for this handbook are listed
in Table 2-1 and were taken from Reference 9 with the exception of the value
of the planetary gravitational parameter. This was obtained analytically from
the ratio of planetary mass to solar mass and the value of the solar gravita-

tional parameter (1.327 x 10" km®/sec®).

The turn angle, K, through which the hyperbolic asymptote of the encounter

trajectory is deflected is shown in Figures 2-1 through 2-4 for the four

TABLE 2-1
PLANETARY CONSTANTS
Earth Jupiter Saturn Uranus Neptune Pluto

Semimajor Axis (AU) 1.0 5.202803 9.538843 19.18195 30.05778 39.43871
Eccentricity 0.016726 0.048435 0.055682 0.047209 0.008575 0.250236
Sidereal Period (days) 365.2564 4332.587 10759.2 30685.2 60189.5 90465.4
Inctination (deg) 0.0 1.30536 2,489 0.77306 1.77375 17.1699
Longitude of Ascending

Node (deg) 0.0 100.0444 113,3075 73.79630 131.3398 109.8856
Argument of Perihelion (deg) 102.2525 273.6338 338.9570 96.21453 272.9342 114,2746
Mean Anomaly at Epoch* (deg) | 357.9056 246,1529 188.4069 331.2941 172,6670 316.4295
Planet Radius (km) 6374.9 71335.2 60370.4 | 23523.4 22312.2 7012.4
Gravitational Parameter

(km3/sec?) 398626.2 | 126700378.0 | 37897039.0 | 5802627.0 6870678.0 368612.0
True Anomaly of "Vernal

Equinox" (deg) -102.27 122.7 -98.0 176.2 145.5 b
Equatorial Obliquity (deg) 23.450 3.067 26.556 97.883 28.8 i

* 1.5 January 1960 (JD 2436935.0)

** Unknown; defined as 0.0 for data computation



Jovian planets, The data are presented as a function of periapsis radius for

specific values of excess speed. The data were obtained from the equation

oV -1
K = 2 arcsin|l +'_J%T___—-

where rp, is the periapsis radius, V, is the excess speed and U is the planetary

gravitational parameter,

Shown in Figure 2-5 are the flight times between the boundary of the activity
sphere and periapsis for encounter trajectories at the Jovian planets. The
times are given as a function of hyperbolic excess speed. The data were com-
puted from the equation
T=n [e tan H - 1n tan (/4 + H/ZJ

where n is the mean angular motion, e is the eccentricity, and H is the auxil-
iary angle of the hyperbola at the activity sphere boundary. The auxiliary
angle, H, is defined as arc-cos (ae/(a + r)), where a is the semimajor axis of
the hyperbola and r is the radius. As can be seen, the flight time within the
activity sphere is also a function of periapsis radius; however, this effect
is not explicitly shown in Figure 2-5. Instead, the mean values of the actual
flight times are shown since the flight time is relatively insensitive to
periapsis radius over the range from 1 to 100 planet radii., The maximum diff-
erence between the actual flight time and that shown in the figure occurs at
the lowest excess speed, i.e., 0.2 EMOS. The maximum difference at this speed
is +3.0 days at Jupiter, +1.5 days at Saturn, and +0.5 days at Uranus and
Neptune. As the excess speed increases the difference decreases: at 0,3 EMOS
the maximum difference is about +1.0 days at Jupiter, +0.5 days at Saturn, and

+0.2 days at Uranus and Neptune.

It should be noted that the time within the activity sphere shown in Figure
2-5 is not a direct error in transfer time to the planet., The actual error is
less since the patched conic analysis assumes motion to the planet's center.
The actual error in trip time is approximately equal to the difference between
the time shown in Figure 2-5 and the linear flight time within the activity
sphere, where the linear flight time is equal to the radius of the activity

sphere divided by the hyperbolic excess speed.

The AV required to depart from a 185-km circular orbit at Earth is shown in
Figure 2-6 as a function of hyperbolic excess speed. Figures 2-7 through 2-14

show the AV requirements for orbit insertion at each of the four target planets



(Saturn, Uranus, Neptune, and Pluto). The illustrations are divided into two
figures for each planet., The first figure gives the insertion requirement
(for specified values of arrival excess speed) for entry into a circular orbit
as a function of periapsis radius; the range considered is 1 to 15 planet
radii, It should be mentioned that there is a distinct value of periapsis
radius for each hyperbolic excess speed that yields a minimum insertion
requirement, The value of periapsis radius which yields the minimum insertion

AV for a specified capture-orbit eccentricity and arrival excess speed is

;= 2 U 1l - e
: Vé 1+ e

where M is the gravitational parameter, V., is the excess speed, and e is the

given by

eccentricity., The second figure for each planet shows the reductions in AV
requirements obtained by entry into an elliptical orbit with a given periapsis
radius instead of a circular orbit of the same radius. The AV reduction is a
function of the periapsis radius and eccentricity only and is equal to

Ve =V, (VI +e- 1)
where V. is the local circular velocity and e is the desired orbital eccentri-
city., Eccentricities from O to 1 are considered at specific values of periap-

sis radius up to 15 plamnet radii,

The remainder of this section contains the ephemerides of Earth, Jupiter,
Uranus, Neptune, and Pluto for the years 1970-2000. The following information
is given: heliocentric radius, heliocentric longitude and latitude, and the
right ascension and declination of the sun, 1In addition, the communication
distance from Earth is printed for the five target planets. The angles are
expressed in degrees, and the distances in AU. The ephemerides were generated
using the fixed-ellipse model of the planetary orbits as described by the
elements in Table 2-1, These values are not the most accurate ones available;
however, they are sufficiently accurate for preliminary design purposes and
make this handbook consistent with the previous volumes of the "Planetary
Flight Handbook." An estimate of the error induced by the fixed-ellipse data
was obtained by comparing the fixed-ellipse data with that obtained using
time-varying planetary elements. The discrepancies were approximately 0.5
degrees in heliocentric longitude for all planets in the year 2000. This is

the upper bound on the error since the errors are largest for the later years.
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VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS—SATURN
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FIGURE 2-8 VELOCITY SAVINGS OBTAINED BY
ENTERING ELLIPTIC ORBITS—SATURN
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FIGURE 2-11 VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS = NEPTUNE
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FIGURE 2-12 VELOCITY SAVINGS OBTAINED BY
ENTERING ELLIPTIC ORBITS—NEPTUNE
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FIGURE 2-13 VELOCITY INCREMENTS REQUIRED TO ENTER CIRCULAR CAPTURE ORBITS ~ PLUTO
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PLANET ARY EPHEMER IS
HELIOCENTRIC ECLIPTIC CODRDINATES

EARTH JUPITER SATURN
DATE ] LONG LAY RAS DECS R LONG LAT RAS DECS CDISTY 2 LONG LAT RAS DECS CODTST

413%0.0 1972 FEB 2.5 0.99 132.6 0.0 315.1 ~-17.0 5.29 251.5 D.42 305.1 -2.5 5.96 9.06 65.7 -1.8% 249.4 -25.1 B8.72
41360.0 1972 FEB 12.5 0.99 142.7 0.0 325.1 -13.9 5423 252.3 0440 305.9 -2.5% 5.83 9,06 66.0 -1.83 249,8 -25.1 8.88
41370.0 1972 FEB 22.5 0,99 152.8 0.0 334.8 -10.5 §.28 263.1 0.38 306.7 -2.5 S%.70 Q.06 66.4 ~1.82 250.2 -25.2 9.05
41380.0 1972 WAR 3.5 0.99 162.9 0.0 344,2 -A.7 5.28 263.9 0.36 307.5 -2.4 5.55 9.05 565.8 -1.81 250.6 -25.2 9.21
41390.0 1972 MAR 13.5 0.99 172.8 0.0 353.4 =-2.8 5427 264.7 0.35 308.4 -2.4 5.40 9.05 67.1 -1.80 251.,0 -25.3 9.37

41400.0 1972 MAR 23.5 t.00 182.8 0.0 2.6 1.1 527 265.5 0.33 309.2 -2.4 5.24 9.05 67.5 -1.79 251.4 -25.3 9.52
41410.0 1972 A3 2.5 1.00 192.7 0.0 11.7 5.2 5.27 256.3 0.31 310.0 -2.4 5.08 9.05 6T.9 -1.77 251.8 -25.4 9.5%
41420.0 1972 APR 12.5 1.00 202.5 0.0 20.8 8.3 S426 26741 0,29 310.88 —-2.3 4.92 9.05 6843 ~1.76 252.2 -25.4 9.77
41430.0 1972 APR 22.5 1.01 212.2 0.0 30.1 12.3 5.26 267.9 0.27 311.6 -2.3 4.77 Q.05 &R.6 —1.75 252.6 -25.5 9.88
41460.0 1972 MAY 2.5 1.01 222.0 0.0 39.6 15.4 526 268.7 0.26 312.4 —-2.3 4,62 9,05 69,0 -1.74 253.0 —-25.5 9.95

41450.0 1972 MAY 12.5 1.01 231.7 0.0 49.3 18.2 5a25 269.6 0.2%4 313.2 =2.2 4.50 9.05 69.4 -1.73 253.4 -25.6 10.01
41460.0 1972 MAY 22.5 1.01 241.3 0.0 59,2 23.% 5425 2704 0.22 314.0 -2.2 4.39 9,04 69,7 -1.72 253.8 -25.5 10.05
4146T0.0 1972 JIN 1.5 1.01 250.9 0.0 £9.3 22.1 271.2 0.20 314.9 =-2.2 4.31 9.04 T0.1 -1.70 254.2 -25.7 10.0%
41480.0 1972 JUN 11.5 1.02 260.% 0.0 79.7 23.1 27T2.0 0.18 315.7 =-2.1 4.25 9,046 T0.5 ~1.69 254.6 —25.7 10.06
41490.0 1972 JUN 21.5 1.02 270.0 0.0 90.0 23.% 272.8 0416 316.5 -2.1 4.22 9,06 T70.9 -1.68 255.1 -25.8 10.01

41%00.0 1972 JUL 1.5 1.02 279.6 0.0 100.4 23,1 5.23 273.6 0.15 317.3 -2.1 4.22 9.04 Tl.? -1.67 255.5 —-25.8 9.95
41%10.0 1972 JUL 11.5 1.02 2891 0.0 110.7 22.1 5423 274.5 3.13 318.1 -2.0 4,26 9.04 Tle6 -lu6b 255.3 -25.9 9.85
41520.0 1972 JUL 2t.S 1.02 298.6 0.0 120.8 20.4 §.23 275.3 0.11 318.9 -2.0 4.31 9,06 T2.0 -1.64 256.3 -25.9 9.7¢
41530.0 1972 AUG 0.5 1.01 308.2 0.0 130.6 18.2 5422 27641 0.09 319.8B -2.0 4.40 9.04 T2.4 -1.63 256.7T -25.9 9,64
41540.0 1972 AUG 10.5 1.01 317.8 0.0 140.2 15.5 5422 276.9 0.07 320.6 -1.9 4.50 9.06 T2.7 -1.62 257.1 -26.0 9.51

41550.0 1972 AUG 20.5 1.01 327.4 0.0 149.5 12.4 5422 277.8 0.05 321.4 -1.9 4.63 9,03 73.1 -1.61 257.5 -26.0 9.36
41560.0 1972 AUG 30.5 1.01 337,0 0.0 158.3 8.3 5.21 278.6 DJ.03 322.2 -1.9 4&.76 9.03 73.5 -1.60 257.9 -25.0 9.20
41570.0 1972 SEP 9.5 1.01 346.7 0.0 1467.8 5.2 5.21 279.4 0.01 323.1 -1l.8 4.91 9.03 T73.8 -1.58 258.3 -26.1 9.0¢
41580.0 1972 SEP 19,5 1.00 356.5 0.0 176.8 | 5.21 280.2 —0.00 323.9 -1l.8 S.06 9.03 T4.2 -1.57 258.8 -26.1 B8.87
41590.0 1972 SEP 29.5 1.00 6.3 0.0 185.8 -2.5 .20 281l.1 -0.02 324.7 -1.8B 5.21 9.03 T4.6 -1.56 259.2 -26.1 8.71

41600.0 1972 3CT 9.5 1.00 16.1 0.0 194,9 =-5.3 54203 28149 -0.04 325.6 -1.7 6&.37 9.03 75.0 -1.55 259.6 -26.2 B8.56
41610.0 1972 ICTY 19.5 1.00 26,0 0.0 204.1 -1J.1 Sa13 2B2.7 —0.06 326.4 -1l.7 5,51 9.03 75.3 -1.53 260.0 -25.2 8.4}
41620.0 1972 ICT 29.5 0.99 36.0 0.0 213.7 -13.5 5.1 283.6 -0.08 327.2 -—-1.7 F.65 9.03 75.7 -1.52 260.4 -26.2 8.79
41630.0 1972 NOV 8.5 0.99 46.0 0.0 223.56 -18.6 5.19 284.4 -0.10 328.1 -1.6 S.77 9.03 745.1 -1.51 2¢0.8 -26.3 8,18
41640.0 1972 NIV 18.5 0.99 S6.1 0.0 233.8 -19.3 5.18 285.2 -0.12 328.9 -1.6 5.88 9.03 76.5 -1.49 261.2 -26.3 8.11

41650.0 1972 NIV 28.5 0.99 66.2 0.0 244.3 -21.64 5418 28641 —0.14 329.7 -1.5 65.97 G.02 T6.8 ~1.48 261.7 -26.3 B.06
41650.0 1972 DEC 8.5 0.98 76.3 0.0 255.2 -22.7 S.18 286,93 -).16 330.6 -1.5 6.05 9.02 T7.2 -1.47 262.1 -25.3 B, 04
41670.0 1972 DEC 18.5 0.98 86,5 0.0 266.2 -23.4  5.17 287.7 -0.17 331.4 ~1.5 6&.10 9.02 T7.6 ~1.45 262.5 —-26.4 8.05
41680.0 1972 DEC 28.5 0,98 96,7 0.0 277.3 -23.3 5.17 288.6 -0.19 332.2 -1.4 £.13 9,02 T7.9 -1.44 262.9 -26.4 8.10
41630.0 1973 JAN 7.5 0.98 106.9 0.0 288.3 ~22.% 5.17 289.4 ~0.21 333.1 -l.4 6.15 9,02 T8.3 ~1.43 263.3 -26.4 8,17

41700.0 1973 JAN 17.5 0.98 117.1 0.0 299.1 -23.8 Se16 290.3 -0.23 333.9 -1.3 ¢é.14 9,02 T78.7 -1.42 263.7 —26.% 8.27
41710.0 1973 JAN 27.5 0.98 127.2 0.0 309.7 -18.5 5.16 2911 -0.25 334.8 -1.3 6.11 9,02 T9.1 -1.40 264.2 -25.4 8.40
41720.0 1973 FEB 6.5 0.99 137.4 0.0 319.9 -15.6 5.15 292.0 -0.27 335.6 -1.3 6.06 0,02 79.4 -1.39 264.6 —26.5 8.5%
41730.0 1973 FEB 16.5 0.99 147.5 0.0 329.7 -12.3 5415 292.8 -0.29 336.5 ~1.2 5.99 9.02 T9.8 -1.37 265.0 -25.5 B.49
41740.0 1973 FEB 26.5 0.99 157.6 0.0 1339.,3 -8.7 5.15 293.7 -0.31 337.3 -1.2 65.90 9.02 B80.2 -1.36 265.4 -26.5 8.86

41750.0 1973 MAR 8.5 0.99 167.6 0.0 348.6 -6.9 Sa14 294.5 —0.33 338.2 -1l.1 S5.79 9.02 80.6 -1.35 265.8 -26.5 9.02
41760.0 1973 MAY 18.5 1.00 177.6 0.0 1357.8 -1.) 5.14 29543 —0.34 339.0 -1.1 5.67 9,02 80.9 -1.33 266.2 -26.5 9.19
41770.0 1973 MAR 28.5 1.00 t87.5 0.0 6.9 3.0 Sal4 296.2 ~0.36 339.9 -1.1 5.54 9,02 8l.3 -1.32 266.7 —26.5 9.36
41780.0 1973 APR 7.5 1.00 197.3 0.0 1640 58 5413 297.1 —0.38 340.7 -1.0 65.39 9,02 B1.7 -1.31 267.1 —-26.5 9.49
41790.0 1973 APR 17.5 1.00 207.1 0.0 25.2 10.5 5.13 297.9 —0.40 341.6 -1.0 65,24 9,02 82.1 -1.29 267.5 -26.5 9.63

41800.0 1973 APR 27.5 1.01 216.9 0.0 34,6 13.8 S.13 298.8 -0.42 342.4 -0.9 5.08 0,01 82.4 -1.28 267.9 -26.5 9.75
41810.0 1973 MAY 7.5 1.01 2266 0.0 44,1 1%.3 5.12 299.6 —0.44 343.3 -0.9 4.92 9.01 82.8 -1.26 268.3 -25.5 9.85
41820.0 1973 MAY 17.5 1.01 236.2 0.0 54.0 19.3 5.12 300.5 —0.46 344.1 -0.8 4,77 Q.01 83.2 -1.25 2A8.8 -26.6 9.93
41820.0 1973 MAY 27.5 1.01 245.9 0.0 66,0 21.3 5412 3)1.3 —0.47 345.0 -0.8 4.62 9.01 83.5 -1.24 269.2 -26.6 9.98
41840.0 1973 JIN 6.5 1.01 255.4 0.0 T4.2 22.7 5411 332.2 -0.49 345.8 -0.8 4.48 9.01 A3.9 -1.22 269.6 -26.6 10.02

41850.0 1973 JUN 16.5 1.02 265.0 0.0 84.6 23.4 S.11 333.0 -0.51 346.7 -0.7 &.35 9.01 84,3 -1.21 270.0 ~26.6 10.03
41860.0 1973 JUN 26.5 1.02 274.5% 0.0 95.0 23.% 5.11 303.9 -0.53 347.6 -0.7 4.2°% 9.01 84,7 -1.19 270.% -25.5 13.01
41870.0 1973 JUL 6.5 1.02 284.1 0.0 105.3 22.7 510 304.8 —0.55 348.4 -0.6 6.17 9.0F 85,0 -1.18 270.8 —-26.6 9.98
41880.0 1973 JU. 16.5 1.02 293.6 0.0 115.5 21.4 5.10 305.6 —0.56 349.3 -D.6 4.11 9.01 85.4 -1.17 271.3 -26.6 9.92
41890.0 1973 JUL 26.5 1.02 303.2 0.0 125.5 19.5 509 306.5 —0.58 350.1 -0.5 4.08 9.01 B5.8 -1.15 271.7 -26.5 9.864

41900.0 1973 AUG 5.5 1.01 312.7 0.0 135.2 17.0 5.09 30T7.4 -0.60 351.0 -0.5 4.08 9.01 8647 ~l.14 272.1 -26.5 9.74
41910.0 1973 AUG 15.5 1.01 322.3 0.0 144.7 16,1 S.07 30842 -0.62 351.9 -~0.4 4.11 9.01 8645 -1.12 272.5 -25.5 9.52
41920.0 1973 AUG 25.5 1.01 331.9 0.0 154.0 1).8 5.08 309.1 -0.63 352.7 -0.4 4.17 9.01 86.9 -1.11 272.9 -25.5 .48
41930.0 1973 SEP 4.5 1.01 341.6 0.0 163.1 T.2 5.08 310.0 -0.55 353.6 -0.3 4.26 9.01 87.3 -1.09 273.4 —26.5 9.33
41940.0 1973 SEP 14.F% 1.01 351.3 0.0 172.1 3.4 5.08 310.8 -0.67 354.5 -0.3 4.36 9.01 87.7 -1.08 273.8 ~26.5 9.17

41950.0 1973 SEP 24.5 1.00 t.1 0.0 18l.0 -0.4 5.08 311.7 —0.69 355.3 -0.2 4.49 9.01 88.0 -1.06 274.2 -26.5 9.01
41960.0 1973 ICY 4.5 1.00 10.9 0.0 190.1 -%.3 507 312.6 —0.70 356.2 -0.2 4.63 9,01 BB.4 ~1.05 274.6 -26.5 - 8.85
41970.0 1973 OCY 14.5 1.00 20.8 0.0 199.2 -8.1 5.07 313.5 0.72 357.1 -0.2 4,77 9.01 B8.8 -1.03 275.0 -26.5 A.58
41980.0 1973 OCT 24.5 0.99 30.7 0.0 208.,6 -11.7 5.07 314.3 0,74 358.0 -0.1 4.93 9.01 89.2 -1.02 275.4 ~26.5 8.53
41990.0 1973 N3V 3.5 0.99 40.7 0.0 218.3 -15.1 §.05 315.2 —0.75 3%8.8 ~0.1 5.08 9.01 89.5 -1.00 275.9 —26.4 B8.39

42000.0 1973 NIV 13,5 0.99 50.8 0.0 228.4 -18.0 5.06 316.1 -0.77 359.7 -0.0 5.23 9.01 89.9 -0.99 276.3 -26.4 8.26
42010.0 1973 VIV 23,5 0.99 60.9 0.0 238.7 -20.3 5.05 317.0 —0.78 0.6 0.0 5.38 9.01 9043 -0.97 276.7 -26.4 B8.15
42020.0 1973 DEC 3.5 0.99 71.0 0.0 249.4 -22.1 5.05 317.8 -0.80 1.5 0.1 5.52 9.01 90.7 ~0,96 277.1 -26.4 8.09
42030.0 1973 DEC 13.5% 0.98 8l.2 0.0 260.46 -23.2 5.05 318.7 -0.82 2.4 0.1 S.64 9,01 91.0 -0.94 277.5 -26.4 B.04
42040.0 1973 DEC 23.5 0.98 91.3 0.0 271.5 -23.4 5.05 319.6 -0.83 3.2 0.2 5.715 9.01 9l.4 -0.93 278.0 -26.3 8.02
42050.0 1974 JAN 2.5 0.98 101.5 0.0 282.6 -22.9 5.04 320.5 -0.85 4.1 0.2 5.84 9.01 91.8 -0.91 278.4 —26.3 " 8.04
42060.0 1974 JAN 12.5 0.98 111.7 0.0 293.5 -21.7 S.04 321.4 -0.86 5.0 0.3 5.92 9.01 92.2 -0.90 278.3 -26.3 8,09
42070.0 1974 JAN 22.%5 0.98 121.9 0.0 304.2 -13.7 5.04 322.3 -0.88 5.9 0.3 5.97 9.01 92.5 -0.88 279.2 -25.3 8.1%6
42080.0 1974 FEB 1.5 0.99 132.1 0.0 314,5 -17.2 5.04 323.1 -0.89 6.8 0.4 6.01 9.01 92.9 -0.87 279.6 —26.2 8.27
42090.0 1974 FEB 11.5 0.99 142.2 0.0 326.5 -l4.1 5.03 324.0 -0.91 7.6 0.4 6.02 9,01 93.3 -0.85 280.0 -26.2 8.39
42100.0 19764 FEB 21.5 €.99 152.3 0.0 334,3 -10.7 5.03 324.9 ~0.92 8.5 0.5 6.01 9.0 93.7 -0.84 280.5 -26.2 B8.53
42110.0 1974 MAR 3.5 0.99 162.3 0.0 343.7 -5.3 5.03 325.8 -0.94 9.4 0.5 5.98 9.01 94.0 -0.R2 280.9 -26.1 8.59
42120.0 1974 MAR 13.5 0.99 172.3 0.0 353.0 -3.0 5.02 326.7 —0.95 10.3 0.5 5.94 9.01 94.4 -0.81 281.3 -26.1 8.85
42130,0 1974 MAR 23.%5 1.00 182.3 0.0 2.1 0.9 5.02 327.6 0.96 11.2 0.6 5.87 9.01 94.8 -0.79 281.7 -26.1 9.02
42140.0 1974 APR 2.5 1.00 192.2 0.0 11.2 %.8 5.02 328.5 -0.98 12.1 0.6 5.78 9.01 95.2 -0.78 282.1 -26.0 9.18

42150.0 1974 APR 12.5 1.00C 202.0 0.0 20. % 8.5 5.02 329.4 -0.99 13.0 0.7 5.68 9,01 95.5 ~0.76 282.5 -26.0 9.34
42160.0 1974 APR 22.5 1.01 211.8 0.0 29.6 12.1 5.01 333).3 ~-1.00 13.9 0.7 5.56 9.01 95.9 -0.75 282.9 -26.0 9.49
42170.0 1974 MAY 2.5 1.01 221.5 0.0 39.1 15.3 5.01 331.2 -1.02 14.8 0.8 5.43 9.01 96.3 -0.73 283.4 -25.9 9.63
42180.0 1974 MAY 12.5 1.01 231.2 0.0 48,8 18.1 5.01 332.0 -1.03 15.7 0.8 5.29 9.01 96.6 -0.71 283.8 -25.9 9.74
%42190.0 1974 MAY 22.5 1.01 240.8 0.0 58.7 20.3 5.01 332.9 -1.04 16.6 0.9 5.14 9.01 97.0 -0.70 284.2 -25.9 9.84
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41350.0 1972 FEB 2.5 18.36 195.3 0.66 355,6 28.3 17.93 33.30 243.0 1.65 229.6 -22.7 30.66 31.26 180.2 16,22 136.9 0.0 30.63
41360.0 1972 FEB 12.5 18436 195.5 0.66 356.6 29.0 17.73 33,30 243.1 1.65 229.6 -22.7 30.49 31.25 180.3 16,23 136.9 0.0 30.51
41370.0 1972 FEB 22.5 18.36 195.6 0.66 355.6 29.1 17.54 30.30 243.2 1.65 229.7 -22.7 30.32 31.25 180.4 16,24 137.0 0.0 30.41
41280.0 1972 YAR 3.5 18.3€ 195.7 0.66 355.6 29.7 17.53 30,30 243.2 1.65 229.8 -22.8 30.15 31.2%4 180.4 16,24 137.1 0.0 30.34
41390.0 1972 MAR 13.5 18.36 195.9 0.66 355.5 293.3 17.45 32,30 243.3 1.65 229.8 -22.R 29.98 31.24 180.5 16.25 137.1 0.0 30.30

41400.0 1972 MAR 23.5 18,36 196.0 0.65 355.5 29.5 17.39 30.30 243.3 1.64 229.9 -22.8 29.82 31.24 180.5 16,25 137.2 0.0 30.28
41410.0 1972 AP 2.5 18.36 19641 0.65 355.5 29.5 17.356 33.30 243.4 1.64 229.9 -22.B 29.68 31.23 180.6 1€6.26 137.3 0.0 30.29
41420.0 1972 APR 12.5 18.36 196.2 0.55 355.5 29,7 17.37 30.30 243.5 1.64 230.0 -22.8 29.55 31,23 180.,7 16.27 137.3 0.0 30,34
41430.0 1972 APR 22.5 18.36 196.4 0.65 355.4 29.8 17,40 30.30 243.5 1.64 230.1 -22.9 29.45 31.22 180.7 16,27 137.4 0.0 30.40
414640.0 1972 MAY 2.5 18.36 196.5 0.65 35%.4¢ 30,0 17.46 30,30 243.6 1.646 230.1 -22.9 29.37 31.22 180.8 16,28 137.4 0.0 30.50

41450.0 1972 MAY 12.5 18.36 196.6 0.65 355,4 30.1 17.55 30.30 243.6 1.64 230.2 -22.9 29.31 31.21 180.9 16.28 137.5 0.0 30.61
41460.0 1972 MAY 22.5 18.36 196.8 0.65 355.4 30.2 17.55 33.33 243.7 1.64 230.2 -22.9 29.29 31.21 180.9 16,29 137.6 0.0 30.74
41470,0 1972 JIN 1.5 18.37 196.9 0,65 355.4 30.3 17.79 30.30 243.7 1.64 230.3 -22.9 29.29 31.20 181.0 16.30 137.464 0.0 30.88
41480.0 1972 JUN 11.5 18.37 197.0 0.65 355.3 30.5 17.96 30.30 243.8 1.64 230.4 -22.9 29.33 31.20 181.1 16.30 137.7 0.0 31.03
41490.0 1972 JUN 21.5 18.37 197.1 0.65 3%55.3 30.5 1%8.09 33.30 243.9 1.64 230.4 -23.0 29.39 31.19 181.1 16,31 137.7 0.0 31,19

41500.0 1972 JUL 1.5 18.37 197.3 0.64 355.3 30.7 18.26 30.30 243.9 1.64 230.5 -23.0 29.48 31.19 181.2 16431 137.8 0.0 31.35
41510.0 1972 JUL 11.5 18.37 197.4 0.64 355.3 30.9 18.43 33.30 244.3 1.64 230.5 -23.0 29.59 31.18 181.2 16.32 137.9 0.0 31.50
41520.0 1972 JW 21.%5 18,37 197.5 0.64 355.2 31.0 18.59 33,30 244.0 1.64 230.6 -23.0 29.72 '31.18 181.3 16.32 137.9 0,0 31.64
41530.0 1972 AUG 0.5 18,37 197.6 0.64 355.2 31,1 18,75 30.30 244.1 1.64 230.7 -23.0 29.87 31.17 181.4 16.33 138.0 0.0 31.77
41540.0 1972 AUG 10.5 18.37 197.8 0.64 355.2 31,2 18.90 30.3D 244.2 1.64 230.7 -23.1 30.03 31.17 181.4 16.34 138.,1 0.0 31.88

41550.0 1972 AUG 20.5 18,37 197.9 O0.6% 355,2 31.4 19.03 30.30 2644,2 1.63 230.8 -23.1 30.20 31.156 181.5 16.34 138.1 0.0 31.97
41560.0 1972 AUG 30.5 18,37 198.0 0,64 355.1 31.5 19.15 30.3) 244.3 1.63 230.8 -23.1 30.36 31.16 181.6 16,35 138.2 0.0 32.04
41570.0 1972 SEP 9.5 18.37 19842 0.564 355.1 31.5 19.24 130.30 244.3 1.63 230.9 -22.1 30.53 31.15 181.6 16.35 138.2 0.0 32,09
41580,0 1972 SFP 19.5 18,38 1983 0.664 355.1 31.7 19.31 30.30 244.4 1.63 231.0 -23.1 30.69 31,15 181.7 16,35 133.3 J.0 32.11
41590.0 1972 SEP 29.5 18.38 198.4 0,64 355.1 31.7 13.36 30.30 244.5 1.63 231.0 -23.1 30.84 31.14 181.8 1¢€.36 138.4 0.0 32,10

41600.0 1972 3CT 9.5 18.38 198.5 0.64 355.0 32.0 19.37 33.30 244.5 1.63 231.1 -23.2 30.97 31.14 181.8 16.37 138.4 0.0 32.07
41610.0 1972 3CY 19,5 18,38 198.7 0.63 355.0 32,1 19,37 33,30 264.6 1.63 231.2 -23.2 31.08 31.14 181.9 16,38 138.5 0.0 32.01
41620.0 1972 DCT 29.5 18.38 198.R 0,63 355.0 32.2 19.33 30.30 244.6 1.63 231.2 -23,2 31.17 31.13 182.0 16.38 138.5 0.0 31.93
41630.0 1972 NOV 8.5 18,38 198.9 0.63 355,0 32.4 19.27 33,30 244.7 1.63 231.3 -23.2 31.24 31.13 182.0 16.39 138.6 0.0 31.R2
41640.0 1972 NIV 18.5 18.38 199.1 0.63 354.9 32,5 19.18 30.30 244.7 1.63 231.3 -23.2 31.28 31.12 182.1 16.39 138.7 0.0 31.69

41650.0 1972 NOV 28.5 18.38 199.2 0.63 354.9 32.6 19.07 30.30 244.8 1.63 231.4 -23.2 31.28 31.12 182.1 16,40 138.7 0.0 31.54
41660.0 1972 DEC 8.5 18.38 199.3 0,63 354.9 32.7 18.94 30.3) 244.9 1.63 231.5 -23.3 31.26 31.11 182.2 16.40 138.8 0.0 31.38
41670.0 1972 DEC 18.5 18,38 1994 0.63 354,9 32.9 18.79 30.30 244.9 1.63 231.,5 -23,3 31,22 31.11 182.3 16,41 138.9 0.0 31.22
41680.0 1972 DEC 28.5 18,38 199.6 0.63 354.,8 33,2 18.63 30.30 245.0 1.62 231.6 -23.3 31.14 31.10 182.3 16,42 138.9 0.0 31.05
41690.0 1973 JAN 7.5 18.39 199.7 0.63 3564.8 33,1 18.46 33.30 245.0 1.62 231.6 -23.3 31.04 31.10 182.4 16,42 139.0 0.0 30.88

41700.0 1973 JAN 17.5 18.39 199.8 0.63 354,8 33,2 18.29 30.30 245.1 1.62 231.7 —-23.3 30.91 31.09 182.5 16,43 139.0 0,0 30.71
41710.0 1973 JAN 27.5 18,39 199.9 0.62 354,8 33.% 18,12 33,30 265.2 1.62 231.8 -23.4 30.77 31.09 182.5 1€.43 139.1 0.0 30.56
41720.0 1973 FER 6.5 18.39 2C0.1 0.62 354.7 33,5 17.96 30.30 245.2 1.62 231.8 -23.4 30.61 31.08 182.6 1€.44 139.2 0,0 30.43
0.0
0.0

41730.0 1973 FER 16.5 18.39 200.2 0.62 354.7 33,6 17.81 30.30 245,3 1.62 231.9 -23.4 30.45 31.08 182.7 1¢,64 139.2 30.31
41760.0 1973 FEB 256.5 18.39 200.3 0.62 354.7 33.7 17.568 30.30 245.3 1.62 231.9 -23.4 30.28 31.07 182.7 16.45 139.3 30.22
41750.0 1973 MAR  B.5 1B8.39 200.5 0.62 354.7 33.9 17.56 30.30 245.4 1.62 232.0 -23.4 30,10 31.07 182.8 16.45 139.4 0.0 30.15
41760.0 1973 MAR 1845 18.39 200.6 0.62 354.6 3%.D 17.483 30.30 265.5 1.62 232.1 —-23.4 29,94 31.07 182.9 16.46 139.4 0.0 30.12
41770.0 1973 MAR 28.5 18.39 200.7 0.62 354.6 36.1 17.42 30.30 245.5 1.62 232.1 -23.5 29.78 31.06 182.9 16.46 139.5 0.0 30.11
41780.0 1973 APR 7.5 18,39 200.8 0,62 354.6 34.3 17.39 30.30 245.6 1.62 232.2 -23.5 29.64 31.06 183.0 16,47 139.5 0.0 30.13
41790.0 1973 APR 17.5 18.39 201.0 0.62 354.6 3%.% 17.40 30.30 245.6 1.62 232.3 -23.5 29.52 31.05 183.0 16,47 139.6 0.0 30.18

41800.0 1973 APR 27.5 18.40 201.1 0.61 354.5 36,5 17.43 30,30 245.7 1.62 232.3 -23.5 29.42 31.05 183.1 16,48 139.7 0.0 30.25
41810.0 1973 MAY 7.5 18.40 201.2 0.61 35%.5 36.6 17.49 32.3D 245.7 1.62 232.4 -23.5 29.35 31.04 183.2 16.49 139.7 0.0 30.35
41820.0 1973 MAY 17.5 18.4C 201.3 0.61 354,5 34.9 17.58 30.30 245.8 1.61 232.4 -23.5 29.30 31.04 183.2 16,49 139.8 0.0 30.47
41830.0 1973 MAY 27.5 18440 201.5 0.61 354.5 36.9 17.69 32.30 245.9 1.61 232.5 —23,6 29,28 31.07 183.3 16.50 139.8 0.0 30.60
41840.0 1973 JIN 6.5 18.40 201.6 0.61 354.,% 35.0 17.82 3D.30 245.9 1.61 232,.6 -23.6 29,30 31.03 183.4 16.50 139.9 0.0 30.74

41850.0 1973 JUN 16.5 18.40 201.7 0.61 354.4 35,1 17.97 30.30 246.0 1.61 232.6 -23.6 29.34 31.02 183.4 16.51 140.0 0.0 30.90
41860.0 1973 JUN 26.5 18.40 201.9 0.61 354.4 35.3 18,12 30.30 246.0 1.61 232.7 -23,6 29.41 31.02 183.5 16,51 140.0 0.0 31.05
41870.0 1973 JUL 6.5 18.40 202.0 0.61 354.4 35.% 18.29° 32.30 246.1 1.61 232.7 —-23.6 29.50 31.02 183.6 16.52 140.1 0.0 31.21
41880.0 1973 JUL 16.5 18.40 202.1 0.6l 354.3 35,5 18.46 32,30 246.2 1.61 232.8 -23.6 29.62 31.01 183.6 16.52 140.2 0.0 31.36
0.0

4189040 1973 JUL 26.5 18.4C 202.2 0.61 354,3 35.5 18.52 30,30 246.2 1.61 232.9 -23,7 29.75 31.01 183.7 16.53 140.2 31.50
41900.0 1973 AUG 5.5 18.41 202.4 0.60 354.3 35.8 18.78 3).30 246.3 1.61 232.9 -23.7 29.91 31.00 183.8 16.53 140.3 0.0 31.62
41910.0 1973 AUG 15.5 18.41 202.5 0.60 354.3 35.9 18.93 32.30 246.3 1.61 233,0 -23.7 230,07 31.00 183.8 16.54 140.3 0.0 31.73
41920.0 1973 AUG 25.5 18.41 202.6 0.560 354,2 36.0 19.06 30.30 246.4 1.61 233.1 —-23.7 30.23 30.99 183.9 16.54 140.4 0.0 31.82
41930,0 1973 SEP 4.5 18,41 202.7 0.60 354.2 35.1 19.18 30,30 246.5 1.6} 233.1 -23,7 30.40 30.99 184.0 16.55 140.5 0.0 31.89
41940.0 1973 SEP 14.5 - 18,41 202.9 0.60 354.2 35.3 13.27 33.30 246.5 1.61 233.2 -23.8 30.57 30.98 184.0 16.55 140.5 0.0 31.93

41950.0 1973 SEP 24.5 18.41 203.0 0.60 354.1 3644 19.34 30.30 246.6 1.60 233.2 —23.8 30.73 30.98 184.1 16.56 140.6 0.0 31.94
41960.0 1973 3CT 4.5 18.41 203.1 0.50 354.1 36.5 19.33 30.30 246.6 1.60 233.3 -23.8 30.87 30.97 184.2 16.55 140.7 0.0 31,93
41970.0 1973 OCT 14.5 18.41 203.3  0.60 354.1 36.6 19.41 30.30 246.7 1.60 233.4 —23.8 31.00 30.97 184.2 1€6.57 140.7 0.0 31.89
41980.0 1973 JCT 24.5 18.41 203.4 0.60 354.1 35.8 13.40 30.30 246.7 1.60 233.4 ~23.8 31,11 30.97 184.3 16,57 140.8 0.0 31.82
41990.0 1973 NIV 3.5 18,41 203.5 0.59 356.0 35.9 13.36 33.30 246.8 1.60 233.5 -23.8 31.19 30.96 184,3 16.58 1540.8 0.0 31.73

42000.0 1973 NIV 13.5 18.42 203.6 0.59 354.0 37.0 19.30 3).30 246.9 1.60 233.5 —-23.9 31.25 30.96 184.4 16.58 140.9 0.0 31.62
42010.0 1973 NIV 23.5 18.42 203.8 0.59 354.0 37.1 17.21 32.30 246.9 1.60 233.6 -23.9 31.28 30.95 184.5 16,59 141.0 0.0 31,43
42020.0 1973 DEC 3.5 18.42 203.9 0.59 354.0 37.3 19,10 30.30 247.0 1.60 233.7 -23.9 31.28 30.95 184.5 16.59 141.0 0.0 31.34
42030.0 1973 DFC 13.5 18,42 204,0 0.59 353.9 37.6 18.97 30.30 247.0 1.60 233.7 -23.9 31,25 30.9 18%4.6 16.60 141.1 0.0 31.18
42040.0 1973 DEC 23.% 18.42 204.1 0,59 353.9 37.5 18.82 30.29 247.1 1.60 233.8 -23,9 31.19 30.9%4 184.7 16.60 141.2 0.0 31.01

42050.0 1974 JAN 2.5 18.42 204.3 0.59 353.9 37.5 18.66 33.29 247.2 1.60 233.9 -23.9 31.11 30,93 184.7 16.61 1641.2 0.0 30.84

42060.0 1974 JAN 12.5 18.42 204.4 0.59 353, 8 37.8 1RB.43 3).29 247.2 1.60 233.9 -24,0 31.00 30.93 184.8 16.61 141.3 0.0 30.57

42070.0 1974 JAN 22.5 1B.42 204.5 0.59 353.8 37.9 18.32 30.29 247.3 1.60 234.0 —24.0 20.87 30.93 184.9 16.62 141.3 0.0 30.51

42080.0 1974 FEB 1.5 18.42 204.7 0.58 353.8 38.0 18.15 3).29 24T.3 1.59 234,0 -24.0 30.73 30.92 184.9 16,62 141.4 0.0 30.36
0.0

42090.0 1974 FEB 11.5 18,42 204.8 0.58 353.8 38,1 17.99 30.29 247.4 1.59 234.1 -24.0 30.57 30.92 185.0 16,63 141.5 30.23
42100.0 1974 FEB 21.5 18,43 204.9 0.58 353.7 38.3 17.84 33.29 247.5 1.59 234.2 -24.0 30.40 30.91 185.1 16.63 141.5 0.0 30.12
42110.0 1974 YAR 3.5 18,43 205.0 0.58 353.7 38,6 17.71 33.29 247.5 1.59 234.2 -24.0 30.23 30.91 18%5.1 16.64 161.6 0.0 30.04
42120.0 1974 MAR 13.5 18.43 205.2 0.58 353,7 38.5 17.60 30.29 267.6 1.59 234,23 —24.1 30.06 30.90 185.2 16.64 141.7 0.0 29.98
42130.0, 1974 MAR 23.5 18.43 205.3 0.58 353.5 38.5 17.52 30.29 247.6 1.59 234.3 -24,1 29.89 30.90 185.3 16.6% 1641.7 0.0 29.95
42140.0 1974 APR 2.5 18.43 205.4 0.58 353.6 38.8 17.46 33.29 247.7 1.59 234.4 -24.1 29.74 30.89 185.3 1£.65 141.8 0.0 29.95
42150.,0 1974 AP 12,5 18,43 205.5 0.58 353.6 3B.9 17443 30.29 247.7 1.59 234.5 -24.1 29.60 30.89 185.4 16.65 141.8 0.0 29.97
42160.0 1974 APR 22.5 18.43 205.7 0.58 353.6 39.0 17.43 32.29 247.8 1.59 234.5 -24.1 29.49 30.89 185.5 16.66 141.9 0.0 30.03
42170.0 1974 MAY 2.5 18.43 205.8 0.57 353.5 39.1 17.47 30.29 247.9 1.59 234.6 —-24.1 29.39 30.88 185.5 16,66 142.0 0.0 30.11
42180.0 1974 MAY 12.5 18443 205.9 0.57 353.5 39,3 17.53 33,29 247.9 1.59 234.7 -24.2 29.33 30.88 185.6 16.67 142.0 0.0 30.21
42190.0 1974 MAY 22.5 18,44 206.1 0.57 353.5 33.6 17.61 30.29 248.0 1.59 234.7 -24.2 29.29 30.87 185.6 16.67 142.1 0.0 30.33

27



8¢

6°t6  00°1- €°03 (CC°9 6°1 6°6L1
0°€6 1C°1- »*6% 6€6%% S* 5 6991
1°26 20°1- 4°8% 66%% LAY 8°lel
216 €C°1- 9°L% ¢e™» tel Stevl
€06 SO°1- L°9% 0G6"% 8*sl  €°6¢l

Z8*6 9°8I- §°L1c 99°0 9°¥el 016 6v°Y
26%6 8°B1- Z2°L1E ¥9°0 Z°8Z1 01°6 799
00°0T1 6°61- B8°91¢c €970 6°4Z1 Ol%6 6Ly
S0"CT 0°6T~ %°91¢ 19°0 &°.Z1 Ot*e 26y
60*01 T1°61- 1°91€ 64°0 1°LZ1 60°6 60° 9

-
® oo on e

TV1°01 C*6l~- L°S1E €s°0 L*9Z1 60°0 7e°s
01°01 461~ €£°51€ 99°0 %°92Z1 60°6 LE"S
$0°*01 $°61- 67%le S5°0C 0°9Z1 60%0 05°y
00°0T1 S*6i~ 9°H1E €0 9°921 60°6 29°%
2676 L*61- ¢°%1g 25°0 €°5¢21 60°6 2L°s

7*68  90° 1~ %Y €6°% 48T 9l
§°88 L0°1- &°9%% 86°9 9*0e L'ell
J°L8 801~ C°%%  §6°% €*2¢ 97601
L°98  60°1- 1°ty €e*H FAR TN A 1}
g8*s8  11°1- 2°¢% @g6°Y ¥*¢d 068

e ]
..
Mo mn .

COC -~
@M m

2g°6 B%1- 8°tlt VL0 6°%21 80°6 18°¢ 6°v8 11— £°1% ¢o°% 0*¢e 9°8L

UL"6 6°61- S°E€lg 6%°0 &°%Z1 BU'6 88°4% - 0*%8 €l1°1- %°0% &E6°¥ £°89
L9°6 102~ 1°ele L»°0 <Z°%C1 80°6 £6°s 1°€8 #1°1- «*6e 16°9 28
Y6 CT02- L°21t &%*0 8°€lI 8076 6%y - 2°¢8 S1°1- 9*¥c  le*% [ 30

92°6 €°02- £721¢ #%°0 %*EZl 80°6 86°%9 €18 91°1- L ie L6*Y 1°51 9°8¢

016 %°02- 0°21c 2%°0 1°tll 80°% L6°s 0O°t 708 L1°1- L°9€ l6°% 611 ¢
€6°8 6°0¢- 9°1ITe 1%°0 L*Z21 10°6 76*S  0°¢ vo6L BI®T- 8°9L Le*4 8l 661
L1°8 9°02- Z-1lle 6£°0 ¢€°2¢1 L0706 06*s 0°¢ $°8L 81°1- 6°%E lé6*¥ 94 L01
T6°8 L°0¢- 8°01¢ Lt8°0 0°<Z1 LU°6 £8°s  0°t 9Ll 6I°1- 0°%E Lée°% L*C G 1

1%°8 B8°02- 5°0lg 9€°0 9°1¢1 LO0°6 sl*s 0°¢ L79L 0271~ T°te S6°% [AR T R4 1

Y€°8 6°02- 1701t »£°0 Z°1¢1 L0°6 89S
€2*8 0°12- L760¢ €E°0 6°0¢1 LO°6 £5°%
S1*8  [°12- €°60€ 1£°0 &°021 90°6 0%*s
01°6 2°12- 6°80¢ 0£°0 1°021 90°6 EY AR
808 €°"1Z- 9780t 8270 L°611 90°6 01°g

876l 12°1- Z2°2¢ S6°% 1*4~  e°eve
6°%l l¢°1- £°1e  Se°
0°wL ZZ°1- %°Ct  6G6°
0°el €2°1- 9°6C G6°
“1*2L ve2t1- $°82 96°% €°01- 90t

R RN
LR
-+
—

'
~
o
L

coococC
.
NN

oo oo
.
NN NN

60°8 $°12- 2'80t 920 %611 90°6 vety
€18 9°12- 6740t 2°0 0°6ll 90°6 oLy
02*s  L°12- %°L0¢ £Z°0 9°8I1 90°6 €9y
0t*8 8712~ 0°L0€ 22°0 £°811 9076 8y°Y
2%*8 6°12- 9°90¢ 02°0 o6°L11 w0°6 veSy

2°1L HZ*i- 9%°1Z Gb*% 8°1¢- 6°¢b2
€°0L 82°1- L*9YC 674 0°¢e- 0°ZBe
7%6% 921~ 8B°GZ GE™4 %'El- 6°0L2
4789 92°1- 6°%¢ S6°9Y 1°¢¢- t*69c
9°LG  LIT1- 0°%¢ 96 C* e~ 6°8%¢

w99 Leti- 1%t G664 zt0e- ¢°8ed
L°69 BI1- 17¢C¢ 4wy g°L1- 8°Lee
8%y BCTI- 2°1¢ G6°% 6*491- 8°L12
6°¢9 82°1- £°CGZ s6°% $*11- 2°80¢
0*€E9 62°1- %61 G6°% 61~ 8861

548 0°2¢- £°90¢ 8170 &*L11 $0°6 12
1L°8 0°2¢-~ 6°90€ L1°0 ¢°L11 0”6 1%y
1°22—- 9°50¢ s1°0 8°911 S0°6 €0y
2°ee- T1°50t €1°0 #°*911 U°6 86°¢
Q2°6 €£°2Z- L°%0t 210 0°911 s0°6 96°¢€

~o & oo
.
NN N

§e*6  ¥$°%¢- €°%0€ 01°0 L°ST1 w076 96°t L*¢ 1°¢9 62°1- &°81 G&°% 1% 9681
1s°6 *2¢- 6°€0E 60°0 £°ull SO°6 00y 1°¢ T°19 62°1— 9°L1 ¢g6°Yy 20~ 9081
966 9°¢2- 9°€0E LOD 6°%11 %06 Loy L°¢ 2°09 0L°1- 9°91 g6°% S5° € 9L
GL*¢ L®¢2- 1°€0€ SO0 YTv¥1l %0°e 1y 9°¢ €°65  UE*1- L1°S1  ceH sl §°291
186 8°22- 87208 ¥0°0 <(*w11 %0°6 L2y 9°¢ #°85  0€°1- 891 g6"% ¢t stesl

[N TaR TR
.
NN

6°LS  0E°1- 6°El  u6'Y 2°H1 etevt
996 0LTI- C*el  S67% 171 L%el
9°46  0e”1- 1721 So6*% 9 6l 0°aZl
L%y 1e°1- 1711 Ge*% s*1e Crsll
8°ts  lE°T- 2°01T gGo6°% §°2C 8°%01

566 6°22- $°C0E Z20°0 8°cll %06 0%ty
T0°01 0°¢Z2- 0°20¢ 10°0 ¥°*ell %0*6 7uty
40°01 1°€2- 9°10€ 10°0- 1°ell %0°6 69°%y
$C°0T 2°€2- 2°10¢ €0°0- L7211 %06 78y
%0°01 Z2°¢Z—- 8°00€ %0°0- €°C11 %0°6 00°s

10°01 £°g2~ %00t 90°0- 0°CI1 »0°6 ?l%s 92 6°¢s Te*1- €%6 [ 1- ] %°tZ Y°v6
$6°6 H°€Z— 0°00E L0°0- 9°111 e0%6 62°S ¥°¢ 0°2s 01— %°8 a6’y £°EC 0'¥Y
18°6 S°€Z- 9°66C 60°0- Z°111 €0°6 Zvts  4%°¢ 1718 0e~1- gL 56°% G*el ttel
LL°6 9°E£Z~ 7°66C¢ 11°0- 87011 €0°6 FEMIER AF4 1706 0e*1- 9°9 $6°y et1e 9te9
$9°6 9°€Z- 8°862 21°0- &°011 €0°6 59°s  €°¢ Z°6% Ot*l- 9°¢ 56°% 2°61 %°ES

€°8y ULt 1- 56°% L9l 9°ey
AN AN O 464 L*eT  T%e

26%6 L'€2Z- $°862 w1°0- T1°011 €0°6 GL*s L%
8% €

§°9% 0Oe*l1- 6°¢ 96y £°01 L*we
(4
1°1

LE*6 BTE2- 0°86C 91°0- L°601 €0°6 €£8°9
12°6 67€Z~ 9°L62 L1°0- £7601 t0°6 68°Y
$0%6 0°%2- 2°L6Z 61°0- 07601 €£0°6 €6°G
88°8 0°%2- 8°962 02°0~ 9°801 €0°6 $6°%

9°6y b2 1- S6* % $°s s ol
vy o2°1- 96”4 g ¢ 49

NN N
.
NN NS

2L°8  1*%9Z- $°962 22°0- ¢*801 €06 s6°6
96°8  2°%Z- 0°967 %2°0- 6°101 €0°6’ £6°S9
29°8 €°%2~ 9°66¢ s¢°0- $°L01 20°6 68°9
628 €°%2- 2°S6¢ LZ*0- 1°i01 20°%6 €8°9
81°8 ¥*%2- 8°%6Z 82°0- L°901 20°¢6 QLS

L°ey 62°1- 1°¢C 6% Y 1~ eflse
8°2% BITl- %69t 96°% Tre-  1°8%E
6°T% B8Z*1- £°8%E $6°% 6"8- 8°8CE
0%ty Le°T1- H°lue $6°% £tel- 2%t
1°0% L2Z2*1- 9796t 96°% §* 61~ £°61¢

OO ==
.
NN NN

26t 9¢"1- 966t Ge6° % $°81- 1°60¢
€°8E 9 1- L*HsE 967 6°02- 9862
€TLlE  SCT1- BTEGE 967 w*e¢- 87182
#°9t  LZ°1- 8°Zut L&Y £°ke~ L°9ic
§°6t  ¥Z°1- 6°16¢ L6°¥% y°Ee- §°69¢

I1°8  &°%2- %962 0£°0- %7901 20°6 99°¢
90°8 S°*¥2- 0°¥62 2¢°0- 0°901 20°6 99°5
90°8 9°%Z~ 9°€6Z €€°0- 9°S01 Z0°6 27°%a
40°8 L°%Z- 2°€6Z Se°0- 2°S0T1 Z0°6 8e°s
60*8 L°%2- 8°2C LE*0- 6°701 C0°6 12 g

L
[
-

9*ve  €l°1- 0°1%e L6°H L*2e- 9*%ue
L€k €l*1- 1°0S8¢ L16°% £°1e- 8e%ve
8°Ze 2°1- 6%t L6 61— Cteee
61t  T1C°1- £°8%¢ Le%% €*61- 0°gede
0*1e  OC°1- %°l%e Le°% ¥ el- 2°€le

L1°8 8°%Z— ¥726C BEL*0- 4°%01 20°6 86 %
L2°8 6°%Z—~ 0°26Z 0¥°0- 1°901 Z0°6 8ty
6E"8  6°H2— 97162 1¥°0- 8°c01 20°6 937y
€68 0°'9Z- 2°162 £%°0- ¥°€01 20°6 16y
89°8 0°52- 8°06¢ S%°0- 0°e0T 20°6 Ley

oo ~~
e e
-t

T70t 0&°1- 6°9%¢ 86°% 6°6— 1°€0¢
2*6C 61°1- 9°uy4e £6°¥ 2*5- %6l
€°8C BI*I- L°whE B6*YH L°Z¢- £°e81
2°LZ  LI°1- B EYE £6°Y 51 [ 379}
#°9¢ 91°1- 6°Z%¢ 86°% A £°Ll91

g8°8  [°6Z~ #7067 949°0- 9°201 20°6 [ YAR]
10%6 2°52- 6°68Z 8%°0- £°<¢01 10°6 LA 004
816 2°527- 57682 6%°0- 6°101 10°6 90y
€€°6 €°G2- 1°682 19°0- S°101 10°6 10°%
8¥*6 €°GZ- L°88Z €5°0~ 1°T10T 10°*6 86°¢

S Bwnn
.
gt gt

§°6C  GI°1~ 6°1%c €6°% 16 £°8el
9°%C H1°1- O0°1ve 6&°¥ 921 1691
L°€2 t1°1- 1°CYE €6°Y £°61 L*6El
8°2¢ d1°1- 2 ¢€et €€ % '8l 1°0¢l
6°1¢ T1*1- £*8€L 66°Y 6°0C €7021

29°6 %*92- £°882 %5°0- 8°001 10°6 86°¢
»L*6 %°S2- 67182 95°0-~ ¥°00T 10°6 10°%
48°6 6°G2- $°18C LS°0- 0°001 10°6 L0°%
26%6 5°4Z- 1°L8Z 65°0- 9°66 10°6 My
86°6 9°g¢~ L°982 09°0- £°66 10°6 L2y

.

- M
.
-t

0°1Z O1°1~ ¥°Lec Q0°G 2*2¢ ¢to11
1402 60°1- ¢°9E€ 00°¢ 1°¢Z 6°66
2*61 80°1- 9°gee CO0°¢ $*El %68
€°81 LU*T- i°vee (0%4 1°¢2 1°6L
#°L1 S0°1- 8°€tt CO°S G*¢¢ 6°89

10°01 9°s2~ €°98C ¢9°0- 6°86 10°6 6E"Y
€0°01 L*GZ~ 8°SBC %9°0- 6°86 10°6 £€S°Y
20°01 L°sZ~ %°S8¢Z $9°0- 1°86 10°6 89°y
86°6 8°32- 0°S8Z L9°0- 8°L6 10°6 98y
26°6 8°4Z~ 9°%82 89°0- ¥°L6 10°6 66y

3

O
.
O ot -

.

15107 $234 Svd 11 9NG ¥ 15102 $23d svd N1 9NDT Y $%3Q Svy
N¥NLYS ¥3iidnr

SIAVAICYWO0D I11d17123 DI INIICITAH
STY3IW3Hd3 AWV 13NVId

coooc
. s .
cdcdde

cCoOCOO Cocoo
I
ccooc GQooo

ooooo
.
cccoco

(=N

(==
¢ s e e s
cocco

o

coooC cCcooo
« s s + v
Cooco ©oCCOo

e Al
HLYV 3

S°unt
Lave
0ot
792
891

20t
t*L63
188
8L
092

5652
bowe
£T0%¢
L*0ES
0°1ee

128 § ¥4
w°10¢
L7161
g igl
8121
€191
8146t
LTIn1

v*121

4*01

8°0s¢E
1°1¥¢
s*lee

8°12e
ZtZie

1*ebe
9°e8e

158754
£°H92
0 use
kA2 24
8 °Gec

1°9¢d¢
y9le
9902
8°vo61
0 L8l

1eLLl
1°L91
1161
0Lyt
6°9¢l

L9211
$°911
%901
2796
098

8°5L
L*99
995
§°5%
$°s¢

$°62
961

0°9s¢
9%t

§°9¢¢
6°9Ct
£l
L°L0¢
1°86¢

9°88¢
1"6L2
§°69¢
0092
%062

END

001
10°1
10°1
16°1
10°1

awt
20Tt
20°1
0t
201

201
10°1
10°1
JL'A8
10°1

io°1t
uo-t
001
001
66°0

660
66°0
56°0
6670
860

8670
860
86°0
860
56°0

6670
66°0
66°0
6670
20°1

0o-1
001
10°1
10°1
10°1

10°1
10°1
20°1
20°1
r4¢ R

201
20°1
10"
10°1
10°1

10°1
10°1
00°1
00°1
00°1

00°1
66%0
06°0
56°0
66°0

86°0
560
86°0
860
86°0

86 °0
66 °0
66 °0
66°0
66°0

00°1
00°1
oot
00°1
10°1

w0y
1071
10°1
zo°1
20°t

20°1
20°1
20°1
20°1
10°1

t

d3s
d3s
anv
anv
any

¥dv
wdv
¥dv

u¥ i

Wh
933
934
83d
AV P

NV E
(2
33u
J3u
REI

ACN
ACN
ACN
13¢
13c

12C
d3s
435
d3s
anv

onv
uny
anr
mne
me

Sk
N
NOE
AVh
AVh

AVi
dav
ddv
v
yVw

vk
Vi
834
934
433

NV (e
NY T
NV
230
234

330
ACN
ADN
ACN

190,

100
ESaly]
d3s
¢3S
LEN

anr
LU
NP
M
NOr

GLo61
9L61
9Llet
9L61
L6t

GL61
9Lel
9L61
9L61
9L61

9L61
9tol
L6l
gL61
9161

9161
9L61
9i61
9le6l
9L61

9L61
9461
9l 1
9L61
9L61

9L61
gL061
SLe6l
sLel
slel

siol
Gibl
6161
s161
s161

561
silel
wl6l
wiol
si6t

ulel
ul6l
slel
siol
SL6T

9161
aLel
slel
slel
Sl61

sL61
sL61
sLo6l
Sl61
sie6l

Galel
5161
si6l
ai61
siel

ai6l
si6l
alel
viel
YL61

w6l
w61
vL61
vi61
wiel

ylel
yLol
2L61
vL61
%161

vi6l
Lol
261
7161
vL61

2,61
vi61
viel
yLol
Yi6l

31vQ

G 090EY
0°0e0e?
0°020e Y
0°010¢ty
0*000tY

0066y
0°080627
0*0L6lYy
0° 096w
0°0962%

0° 0% 62y
g*0toly
0*0cel¥
0*0lecy
0°0C6cY

0°068¢Yy
0 0882%
0°0L82Y
0°0982%
0°0%827

0° 098¢y
0*0e8ey
00282y
0*0i8ey
G*o08CY

0*06Lly
0*08LZY
030LL2y
vtoyLey
0*osLey

0°0%Llcy
UToELeY
0°0¢Lew
0°01Ley
0°00L2%

0* 06927
0089y
0°0L92%
0°099eYy
0* 0992y

0" 0v9ey
0t 0Lyey
0% Gevew
00192y
0*0092%

0 06sC
G*08scYy
0" 0Ls¢Yy
0°096¢%
0°0652%

0*0ruly
0°0862%
0°0Csly
0°ulely
0°0052%

0T 06%¢y
0°08v<
0ruLyey
0°0992%
0°0s9¢%

(A4 A T4 4
0°0tHey
[Para A d
0°01vcy
0*00%2Yy

0*06£2%
0°08ccy
0*02€ly
0°09€ey
0*0stZY

0°ovedy
0°0eely
0°ozeey
o*olezy
0°00€cYy

0* 0622y
0*o8eey
0 oLeey
0%09¢lLy
0°0s2cY

0°0%2¢Y
0*0czey
0°0z22%
0*01eey
0°002¢y



PLANET ARY EPHEMERIS
HELIGCENTRIC ECLIPYIC COORDINATES

URANUS NEPTUNE PLUTD
DATE k) LONS LAT RAS DECS CDIST R LONG LAY RAS DECS CDISY R LONS LAY RAS DECS CDIST

42200.0 1974 JUN 1.5 18.44 20642 0.57 353.4 39.5 1T.72 30,29 248.0 1.58 234.8 -24.2 29.28 30.87 185.7 16.68 142.2 0.0 30.47
42210.,0 1974 JUN 11.5 18,44 206.3 0,57 353.% 39.6 17.85 30.29 248.1 1.58 234.8 -24,2 29.30 30.86 185,8 16.68 142.2 0.0 32.62
42220.0 1974 JUN 21.5 18,44 206.4 0,57 353.4 39,8 18.00 30,29 268.2 1.58 234.9 ~24.2 29.35 30.86 185.8 16,69 142.3 0.0 30.77
1.5 0.0
5 0.0

42230,0 1974 JW 18.44 206.6 0.57 353, 4 39.9 18.16 3).29 248.2 1.58 235.0 ~24.2 29.42 30.86 185.9 1£,69 142,64 30.93
42240.0 1974 Jb 11 18.44 206.7 0.5T7 353.3 40.0 18.33 31,29 248.3 1.58 235.0 ~24.3 29.53 30.85 186.,0 16,69 142.4 31.08
42250,0 1974 JW 21.5 18.44 206.8 0,57 353.3 40.1 18.49 30.29 248.3 1.58 235.1 -24.3 29,65 30.85 186,0 16.70 142.5 0.0 31.23
42260,0 1974 AUG 0.5 18.44 206.9 0.56 353.3 40.3 18.66 3D.29 248.4 1,58 235.2 -24.3 29.79 30.86 186.1 16,70 142.5 0.0 31.36
42270.0 1974 AUG 10.5 18.44 207.1 0.56 353.2 40.4 18.82 30.29 248.5 1.58 235,2 -24.3 29,94 30.84 186.2 16.71 142.6 0.0 31.49
42280,0 1974 AUG 20.5 18.45 207.2 0.56 353.2 40.5 18.97 3).29 248.5 1.58 235.,3 -24.3 30.10 30.83 186.2 16,71 142.7 0.0 31.59
42290.0 1974 AUG 30.5 18.45 207.3 0.56 353,2 40,5 19.10 30.29 248.6 1.58 235.3 —-24,3 30.27 30.83 186.3 16.72 162.7 0.0 31.67
42300,0 1974 SEP 9,5 18,45 207.4 0,56 353.1 40.8 19.22 30.29 248.6 1.58 235.4 -24,3 30.44 30,83 186.4 16.72 162.8 0.0 31.73
42310.0 1974 SEP 19,5 18,45 207.6 0,56 353,1 40,9 19.31 30.23 248.7 1.58 235.5 -24.4 30.61 30.82 186,4 16,73 142.9 0.0 31.77
42320.,0 1974 SEP 29.5 18,45 207.7 0.56 353,1 41.0 19.38 30.29 248.8 1,57 235.5 -24.4 30.76 30.82 18645 16.73 142.9 0.0 31.78
42330.0 1974 ICT 9.5 18,45 207.8 0,56 3%53.1 64l.1 19.63 33.29 248.8 1.57 235.6 -24,4 30,90 30.81 186.6 16.73 143.0 0.0 31.76
42340.0 1974 JCT 19.5 18,45 208.0 0.55 353.0 41,3 19.45 30.29 248.9 1.57 235.7 -24.4 31,02 30.81 1B6.6 16.7¢ 143.0 0.0 31.71

42350,0 1974 ICT 29.5 18,45 208.1 0.55 353.0 4le4 19.44 30429 248.9 1.57 235,7 -24.6 31.12 30.80 186.7 16.74 143.1 0.0 31.64
42360.0 1974 NIV 8.5 18.45 208.2 0.55 353.0 41.5 19,40 32.29 249.0 1.57 235.8 -24.4 31.20 30.80 186.8 16.75 143,2 0.0 31.55
42370,0 1974 NIV 18.5 1B.46 208.3 0.55 352.9 41.5 19.346 30,29 249.0 1.57 235.8 -24.5 31.25 30.80 186.8 16,75 143.2 0.0 31,43
42380.0 1974 NIV 28.5 18,46 2085 (55 352.9 4148 13.25 30.29 249.1 1.57 235.9 -24.5 31.28 30.79 186.9 16,75 143.3 3.0 31.29
42390,0 1974 DEC 8,5 18.46 208.6 0.55 352.9 41.9 19.14 30.29 249.2 1.57 236.0 -24.5 31,27 30.79 187.0 16.76 163.4 0.0 31.14

42400.,0 1974 DEC 18.5 18.46 208.7 0,55 352.8 42.0 12.01 30429 249.2 1.57 236.0 -24.5 31.23 30,78 187.0 16,76 163.4 0.0 30.98
42410.0 1974 DEC 28.5 18.46 208.8 0.55 352,8 42.1 18.86 31.29 249.3 1,57 236.1 -24.5 31.17 30,78 187.1 16,77 143,5 0.0 30.81
42420,0 1975 JAN 7.5 18.4A 209.0 0.55 352.8 42.3 18,70 30.29 249.3 1.57 236.1 ~24.5 31.08 30.77 187.2 16.77 143.6 0.0 30.64
42430.0 1975 JAN 17.5 1B.4€& 209.1 0.54 352.7 42.4 18.53 30.29 249.4 1.57 23642 -24.6 30.97 30.77 187.2 16.78 143.6 0.0 30.47
0.0

42440.0 1975 JAN 27.5 1B.46 209.2 0.54 352.7 42.5 18.36 30.29 269.5 1.56 236.3 -24.6 30.83 30.77 187.3 16,78 143.7 30.32
42450.0 1975 FER 6.5 18.46 209.3 0.54 352.7 2.5 19.19 30.29 249.5 1.56 236.3 -24.6 30.68 30.76 187.4 16,78 143.7 0.0 30.17
42460,0 1975 FEB 16.5 1B.47 209.5 0,56 352.6 42.8 18.03 30,29 249.6 1.56 236.4 -24.6 30.52 30.76 187.4 16,79 143.8 0.0 30.05
424T70.0 1975 FEB 26,5 18.47 209.6 0.54 352.6 42.9 17.88 30.29 249.,6 1.56 236.5 —-24.6 30,35 30.75 187.5 16.79 143.9 0.0 29.94
42480.0 1975 MAR 8.5 18,47 209.7 0.54 352.5 43.0 17.75 30.29 249.7 1.56 236.5 -24.6 30.18 30.75 187.6 16,80 143.9 0.0 29.86
42490.0 1975 MAR 18.5 18,47 209.9 0.54 352.5 43.1 17.54 30,29 249.8 1.56 236.6 ~24.6 30,01 30.75 187.6 16.80 144.0 0.0 29.81
42500.0 1975 MAR 28.5 18,47 210.0 0.56 352.5 43.2 17.56 30.29 249.8 1.56 236.6 —~24.7 29.85 30.74 187.7 16,80 144.1 0.0 29.79
42510.0 1975 APR 7.5 18447 210.1 0.53 352.5 43.% 17,50 30,29 249.9 1.56 236.7 -24.7 29.70 30.74 187.8 16.81 144.1 0.0 29.79
42520.,0 1975 APR 17.5 18,47 210.2 0.53 352.5 43.5 17.47 30.29 249.9 1.56 23648 -24.7 29,57 30.73 187.8 1€.81 144.2 0.0 29.83
42530.0 1975 APR 27.5 18.47 210.4 0.53 352.6 43,5 17.47 30.29 250.0 1.56 236.8 ~24.7 29,46 30.73 187.9 16,82 164.2 0.0 29.89
42540.0 1975 MAY 7.5 18.48 210.5 0.53 352.% 43.7 17.51 3D.29 250.0 1.56 236.@ —24.7 29.37 30.72 188.0 16.82 164.3 0.0 29.97
4255040 1975 MAY 17.5 18,48 210.6 0.53 352.4 43.9 17.57 30429 250.1 1.55 237.0 =-24.7 29.31 30.72 188.0 16.82 144.4 0.0 30.08
42560.0 1975 MAY 27.5 18.48 210.7 0,53 352,3 44,0 17.65 30.29 250.2 1.55 237,0 -24.8 29.28 30.72 188.1 1€.83 146,46 0.0 30.20
42570.0 1975 JUN 6.5 18.48 210.9 0.53 352.3 46.1 17.76 33,29 250.2 1.5% 237.1 -24.8 29.28 30,71 188,2 1£.83 144.5 0.0 30.34
42580.0 1975 JUN 16.5 18.48 211.0 0.53 352.3 66,2 17.90 30.29 250.3 1.55 237.1 -24.8 29.31 30.71 188,2 16.86 144.6 0.0 30,49
42590,0 1975 JUN 26.5 18,48 211.1 0.52 352,2 644.% 18,04 30429 250.3 1,55 237.2 -24,8 29.36 30.70 188.73 16.84 164.6 0.0 30.65%
42600.0 1975 JUL 6.5 18,48 211.2 0.52 352.2 44.5 18,20 30.29 250.4 1.55 237.3 ~24.8 29.44 30.70 188.4 16.84 144,.7 0.0 30.81
42610.0 1975 JUL 16,5 18.48 211.4 0.52 352.1 44.5 18.37 30.29 250.5 1.55 237.3 ~24.8 29.55 30.70 188.4 16,85 146,89 0.0 30.96
42620.0 1975 JUL 26.5 18.49 211.5 0,52 352.1 4%.7 18.53 32,29 250.5 1.55 237.4 -24.9 29.68 30.A9 188.5 16,85 164,.8 0.0 31.10
42630.0 1975 AUG 5.5 18.49 211.6 0.52 352.1 44.9 18.70 30.29 250.6 1.55 237.5 -24.9 29.82 30.69 188,56 16,85 144,.9 0.0 31.24
42640.0 1975 AUG 15.5 18,49 211.7 0.52 352.0 43.0 18.85 33.29 250.6 1.55 237.5 -24.9 29,98 30.48 188.6 L6.86 164.9 0.0

42650.0 1975 AUG 25.5 18,49 211.9 0.52 352.0 45.1 19.01 30.29 250.7 1.55 237.6 ~24.9 30.14 30.68 188.7 1€.86 165.0 0.0 31.46
42660,0 1975 SEP 4,5 18,49 212.0 0.52 3%52.0 45.2 19.14 3).29 250.8 .55 237.7 -24,9 30.31 30.6B 18R.7 16.87 145.1 0.0 31.53
426T0.0 1975 SFP 14.5 18.49 212.1 0.51 351.9 45.4 19.26 30.2%9 250.8 1.54 237.7 -246.9 30.48 30.67 188.8 146,87 145.1 0.0 31.59
42680.0 1975 SFP 24.5 1R8.49 212.3 0.5 351.9 45.3 19.35 30.29 250.9 1.54 237.8 —24.9 30.66 30,67 18R, 9 16.87 145.2 0,0 31.62
42690.0 1975 ICT 4.5 18.49 212.4 0.51 351.3 65.5 12.43 30.29 250.9 1.54 237.8 -25.0 30,79 30.66 188.9 1£,88 1465.3 0.0 31.62
42700.,0 1975 2CT 14.5 18.50 212.5 0.51 351.8 45.7 19.47 30.29 251.0 1.54 237,9 -25.0 30.93 30.66 189.0 16.88 145.3 0.0 31.60
42710.0 1975 1CT 24,5 18.50 212.6 0.51 351.8 45.8 19.49 30.29 251.0 1.54 238.0 -25.0 31.05 30.66 189.1 16.88 165.4 0.0 31.55
42720.0 1975 NIV 3.5 18.50 212.8 0,51 351.9 46,0 19,48 30.29 251.1 1.54 238.0 -25.0 3l.14 30.65 189.1 16.89 145.5 0.0 31.47
42730.0 1975 NIV 13,5 18,50 212.9 0.5 351.7 45.1 19.45 30.29 251.2 1.54 238.1 -25.0 31.21 30.65 189,2 16,89 165.5 0.0 31.37
42740.0 1975 NIV 23,5 18.50 213.0 0,51 351.7 45.2 19.38 30.29 251.2 1.54 238.2 -25.0 31.26 30,64 189.3 16,89 145.5 0.0 31.25
42750.,0 1975 DEC 3.5 18.50 213.1 0.50 351.7 46.3 19.29 30.29 251.3 1.54 238.2 ~25.0 31.27 30.64 189.3 16,90 145.6 0.0 31.11
42760.0 1975 DEC 13.5 18.50 213.3 0.50 351.6 5.5 19.18 32,29 251.3 1.54 238.3 -25.1 31.26 30.64 1B9.& 16,90 165.7 0.0 30.35
42770.0 1975 DEC 23,5 18.50 213.4 0.50 351.6 46.6 19.05 30.29 251.4 1.54 238.3 —-25.1 31.22 30.63 189.5 16,90 145.8 0.0 30.79
42780.0 1976 JAN 2.5 18.51 213.5 0.50 351.5 45.7 18.93 33.29 251.5 1.53 238.4 —25.1 31.15 30.63 18G9.5 16,91 145.8 0.0 30.62
42790.0 1976 JAN 12.5 18.51 213.6 0.50 351.5 46.8 18.74 32429 251.5 1.53 238.5 —25.1 31.05 20.62 189.6 16,91 145.9 0.0 30.45

42800.0 1976 JAN 22.5 18.501 213.8 0.50 351.5 47.0 18.57 3D.29 25l.6 1.53 238.5 -25.1 30,93 30,62 189.7 16.91 146.0 0.0 30.79
42810,0 1976 FER 1.5 18,51 213.9 0.50 351.4 47.1 18.40 33.29 251.6 1.53 238.6 -25.1 30.79 30.62 189.7 16,92 145,0 2.0 30.13
42820,0 1976 FFB 11.5 1R.51 214.0 0.49 351.4 47.2 18.24 30.29 251.7 1.53 238.7 ~25.2 30.646 30.61 189.8 16.92 146.1 0.0 29.99
42830.0 1976 FLB 21.5 18,51 214.1 0.49 351.4 47.3 18.07 30.29 251.8 1.53 238.7 -25.2 30.47 30.6L 189.9 16.92 146.2 0.0 29.87
42840,0 1976 MA? 2.5 18.51 214.3 0.49 351.3 47.5 17.93 30.29 251.8 1.53 238.8 -25.2 30.30 30.60 189.9 16,93 14A.2 0.0 29.77

42850.0 1976 MAR

12 18.51 214.4 0,49 35l.3 47.5 17.80 30.29 251.9 1.53 238.8 =~25.2 30.13 30.40 190.0 16.93 146.3 29.70
42860.0 1976 MAR 22,5
1
1

5 0.0

5 18.52 214.5 0,49 351.2 47.7 17.69 32.29 251.9 1.53 238.9 -25.2 29.96 30.60 190.1 1€.,93 146.4 0.0 29.55
42870.0 1976 APR «5 18.52 214.6 0.%9 351.2 47.8 17.60 30,29 252.0 1.5% 239.0 -25.2 29.80 30,59 190.1 16,94 146.4 0.0 29.64
42880.0 1976 APR .5 0.2
5 0.0

1 18.52 214.8 0.69 351.2 47.9 17.54 30.29 252.0 1.53 239.0 -25.2 29.66 30.59 190.2 16.9% 145.5 29.65
42890.0 1976 A®R 21

18.52 214.9 0.49 351.1 43.1 17.52 30.29 252.1 1.52 239.1 -2%.3 29.53 30.58 190.3 1£.94 146.5 29.69

42900.0 1976 MAY 1.5 18.52 215.0 0.48 351.1 4B.2 17.52 30.29 252.2 1.52 239.2 -25.3 29.43 30.58 190.3 16,95 146.6 0.0 29.76
42910.0 1976 MAY 11.5 18.52 215.1 0.48 351.1 43,3 17.55 32.28 252.2 1.52 239.2 -25.3 29.35 30.58 190.4 16,95 146.7 0.0 29.85
42920.0 1976 MAY 21.5 18,52 215.3 0,48 351.0 48.4 17.61 30.28 252.3 1.52 239.3 -25.3 29,30 30.57 190.5 16,95 146.7 0.0 29.96
42920.0 1976 JUN 0.5 18.52 215.4 0.48 351.0 43.5 17.70 30.28 252.3 1.52 239.4 -25.3 29.27 30.57 190.,6 16,96 1656.8 0.0 30.09
42940.0 1976 JUN 10.5 18.53 215.5 0,48 350.9 68,7 17.81 30,28 252.4 1,52 239.4 -25.3 29.28 30.54 190.6 16,96 165.9 0.0 30.23

42950.0 1976 JUN 20.5 18,53 215.6 0.48 350.9 68.8 17.94 32.2R 252.5 1.52 239.5 -25.3 29.31 30.56 190.7 1€6.96 146.9 0.0 30.38
42960.0 1976 JUL 0.5 1B8.53 215.8 0.48 350.9 43.3 18.29 132.23 252.5 1.52 239.5 -25.4 29.37 30.56 190.8 16.96 147.0 0.0 30.5¢6
42970.0 1976 JUL 10.5 18.53 215.9 0.47 350.8 49.1 18.25 30.28 252.6 1.52 239.6 -25.4 29.46 30,55 190.8 16.97 147.1 0.0 30.69
42980.0 1976 JUL 20.5 18.5% 216,0 0.67 350.8 49,2 18.41 30.28 252.6 1452 239.7 -25.4 29.57 30455 190.9 16,97 147.1 0,0 20.84
42990,.0 1976 JUL 30.5 18.5% 21642 0.47 350, 7 49.3 18,59 30.28 252.7 1.51 239.7 ~25.4 29.71 30.55 191.0 16.97 147.2 0.0 30.99
43000,0 1976 AUG 9.5 18.53 21643 0.47 350.7 49.4 18.75 30,28 252.8 1.51 239.8 -25.4 29.8% 30.54 191.0 16,98 147.2 0.0 31.12
43010.0 1976 AUG 19.5 18.54 216.4 0,67 350.7 49,5 18,91 30.2R 252.8 1.51 239.9 -25.4 30.01 30.54 191.1 16,98 147.3 0.0 31.23
43020.,0 1976 AUG 29.5 18,54 216.5 0.47 350.6 49,7 19.05 30.28 252.9 1.5]1 239.9 -25.4 30.18 30.53 191.2 16,98 147.4 0.0 31.33
43030.0 1976 SEP  B.5 1B.54 216.7 0.47 350,46 49,8 19.19 30.28 252.9 1.51 240.0 -25.5 30.35 30.53 191.2 16,99 167.4 9.0 31.40
43040.0 1976 SEP 18.5 18.54& 216.8 0,47 350.5 43.7 19.31 32.28 253.0 1.51 240.0 -25.5 30,52 30.53 191.3 16,99 147,55 0.0 31.45

29.
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43050.0
43060.0
43070.0
43080.0
43090.0

43100.0
43110.0
43120.0
43130.0
43140.0

43150.0
43160.0
43170.0
43180.0
43190.0

43200.0
43210.0
43220.0
43230.0
43240.0

43250.0
43260.0
43270.0
43280.0
43290.0

43300.0
4£3310.0
43320.0
43330.0
43340.0

43350.0
433560.0
43370.0
43380.0
43390.0

43400.0
43410.0
43420.0
43430.0
43440.0

43450.0
43460.0
43470.0
43480.0
43490.0

43500.0
43510.0
43520.0
43530.0
43540.0

43550.0
43560.0
43570.0
43580.0
43590.0

43600.0
43610.0
43620.0
43630.0
43640.0

43650.0
43660.0
43670.0
43630.0
43690.0

43700.0
43710.0
43720.0
43730.0
43740.0

43750.0
43760.0
43770.0
43780.0
43790.0

43800.0
43810.0
43820.0
43830.0
43R40.0

43850.0
43860.0
43870.0
43880.0
43890.0

DATE

1976
1976
1976
1976
1976

1976
1976
1976
1976
1976

1977
1977
1977
1977
1977

1977
1977
1977
1977
1977

1917
1977
1977
1977
1977

1977
1977
1977
1977
1977

1977
1977
1977
1977
1977

1977
1977
1977
1977
1977

1977
19717
1977
1977
1977

1977
1918
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1978
1978

1978
1978
1978
1979
1979

SEP
acy
ar
v
N3V

NIV
NV
DEC
DEC
DEC

JAN

FEB

jelon )
acy
acr

NDV
NIV
NOV
DEC
DEC

DEC
JAN
JAN
JAN
FEB

FEB
FEB
MAR
AR
MAR

APR
LR
APR
MAY
MAY

MAY
JUN
JUN
JUN
JuL

JU
JuL
Ju
AUG
AUG

AUG

SEP
SEP
acy

s]on )
plo g
NDV
NDV
N2V

nec
DEC
DEC
JAN
JAN

18,54
18.54
18.54
18.55
18.55

18.55
18.55
18.55
18.65
18.55

18.55
18.56
18.56
18.56
18.56

18.56
18.56
18.56
18.57
18.57

18.57
18.57
18.57
18.57
18.57

18.58
18.58
18.58
18.58
18.58

18.58
18.58
18.59
18.59
18.59

18.59
18,59
18.59
18.59
1B. 60

18.60
18.60
18.60
18.60
18.60

18. 60
18.61
18.61
18.561
18,61

18. 61
18.61
18.62
18. 62
18.62

18.62
18.62
18.62
18.62
18.63

18.463
18.563
18.63
18.543
18.63

18,563
18.64
18.64
18. 64
18.64

18,64
18.64
18.65
18.A5
18.65

18.65
18.65
18.6%
18.65
18.64

18.6¢&
18.66
18,566
1R.66
18.66

LONG

216.9
217.0
217.2
217.3
217.4

217.5
2171.7
217.8
217. 9
218.0

218.2
218.3
218.4
21R. %
218.7

218.8
218.9
219.0
219.2
219.3

219.4
219.5
219. 7
219.8
219.9

220.0
220.2
220.3
220. 4
220.5

220.7
220.8
220.9
221.0
221.2

221.3
2214
221.5
221.7
221.8

221.9
222.0
222.2
222.3
222.4

222.5
222.7
222.8
222.9
223.0

223.2
223.3
223.4
223.5
223.6

223.8

223.9°

224.0
226,1
224.3

22444
22445
224. %
224.8
224.9

225.0
225.1

225.3
225.5
225.5

225.6
225.8
225.9
226.0
226.1

22643
226. 4
226.5
22646
226.8

226.9
227.0
227.1
227.2
227.4

URANUS

LAT

0.46
0.46
0.46
0. 46
0.46

0.46
0.46
0.45
0.45
0. 45

0. 45
0.45
0.45
0. 45
0. 44

0. 44
0. 66
0. 44
0. 44
0. 44

0. 44
0. 4%
0.43
0.43
0.43

0.43
0. 43
0. 43
0. 43
0. 42

G.42
0. 42
0.42
0, %2
0. 42

0.42
0.41
0.41
0. 61
Ou 1

0.41
0.4l
0. 41
0. 40
0,40

0. 40
Q, 40
0. 40
0.40
0. 40

0.39
0. 39
0.39
0. 39
0. 39

0.39
0.39
0.38
0. 38
0.38

0.38
0.38
0.38
0.38
0. 37

0.37
0.37
0.37
0.37
0.37

0. 36
0.36
0. 36
0.346
0.36

0. 36
036
0.35
0. 35
0.35

0. 35
0. 35
0.35
0. 35
0. 34

RAS

350.5
350.64
350.%
350. %
350.3

350.3
350.2
350.2
350.2
350.1

350. %
350.0
350.0
349.9
3499

349.8
349.8
349.8
349.7
349.7

349.6
349.6
349.5
349,5
349.4

349.4
349,3
349, 3
349,2
349.2

349.1
349.1
349.0
349, 0
348.9

348.9
348.8
348.8
348.7
348.7

348.6
348.5
348.5
348,5
348.%

348.4
348.3
348.3
348.2
348.2

348.1
348.0
348.0
347.9
347.9

347.8
347.3
347,7
367.7
347.6

3471.5
347.5
347.4
367.4
347.3

347.2
347.2
347.1
A6T.l
347.0

346.9
34€.9
346.8
366.7
346.7

346. 6
14545
346.5
346.%
34644

346.3
366.2
34¢6,2
34641
346, 0

PLANEYT ARY EPHEMERIS

HELTOCENTYRIC ECLIPT IC COORDINATES

DECS

50.0
50.2
50.3
5764
50.5

50.5
50.8
50.9
51.2
51.1

51.3
Sl.%
51.5
51.5
S1.7

51.9
520
52.1
5242
52.%

52.5
52.5
527
2.8
53.0

53.1
53.2
53.3
53.5
53.5

53.7
53.8
53.9
5%.1
5%.2

54.3
54.%
56,5
5%.7
54.8

54.9
55.3
5541
5543
55.%

55.5
3545
55.8
5R.3
5540

5541
35.2
§5.06
556.5
55.5

37.8

58.%

CDIST

19.40
19.47
19.52
19.54
19.53

19.49
13.43
19.34
13.23
13.10

18.95
18.79
18.62
18.45
18.28

18.12
17.97
17.84
17.73
17.65

17.59
17.57
17.57
17.50
17.66

17.75
17.86
17.99
1B.14
18.29

18.46
18.63
18.80
13 .96
19.10

19.24
19.34
19.45
13.52
19.57

19.59
19.58
19.54
19.48
13.39

19.28
13.15
19.00
18.04
18.47

18.50
1%3.33
18.17
18.02
17.39

17.79
17.72
17.65
17.62
17.62

17.65
17.71
17.80
17.91
183.04

18.19
18.35
18.51
18.58
18.85

13.01
13.16
19.29
19.41
13.51

13.58
13 .52
19.64
17.63
19.60

19.53
13 .46
19.33
19.20
19.05

R

32.28
30.28
30.28
3).28
30.28

33.28
3).28
30.28
30.28
30.28

30.28
33.28
3).28
33.28
30.28

30.28
3).28
33 .28
33.28
30 .28

30.28
3).28
30.28
30.28
3) .28

30.28
3).28
3).28
33.28
3] .28

33.28
30.28
30.28
3).28
3).28

30.28
33.28
30.28
33.28
30.28

30.28
30.28
30.28
3).28
3) .28

30.28
33.28
30.28
3).28
30.28

33.28
3).28
30.28
30 .28
32.28

30.28
3).28
30.28
3) .28
33 .28

.27
3) .27
30.27
30.27
33.27

3).27
33.27
30 .27
33.27
33.27

33.27
33.27
33 .27
30.27
32.27

30.27
3).27
33.27
30.27
30.27

33.27
3).27
30.27
30.27
33.27

31

LtONG

253.1
253.1
253.2
253,2
253.3

253.3
253.4
253.5
253.5
253.6

253.6
253.7
253.8
253.8
253.9

253.9
254.0
254.1
254.1
254.2

254.2
254.3
254.3
B4.4
254.5

254.5
254.6
254.6
254.7
254.8

254.8
254.9
254.9
255.0
255.1

255.1
255.2
255.2
255.3
255.4

25544
255.5
255.5
255.6
256.6

255.7
255.8
255.8
255.9
255.9

256.0
256.1
25641
256.2
25642

256.3
25644
256 .4
256.5
256.5

256.6
256.6
256.7
256.R8
256.8

256.9
256.9
257.0
257.1
257.1

257.2
257.2
257.3
257 .4
257.4

257.5
257.5
257 .6
257.6
257.7

257.8
257.8
257.9
257.9
258.0

NEPTINE

LAT RAS DECS
1.51 240.1 -25.5
1.51 240.2 ~25.5
1.51 240.2 -25.5
1.51 240.3 -25.5
1.51 240.4 -25.5
1.50 240.4 -25.6
1.50 240.5 -25.6
1.50 240.6 -25.6
1.50 240.6 -25.6
1.50 240.7 -25.6
1.50 240.7 -25.6
1.50 240.8 -25.6
1.50 240.9 -25.7
1.50 240.9 -25.7
1.50 241.0 -25.7
1.49 241.1 -25.7
1.49 241.1 -25.7
1.49 241.2 -25.7
1.49 241.3 -25.7
1.49 241.3 -25.7
1.49 241.4 -25.8
1.49 241.4 -25.8
1.49 241.5 -25.8
1.49 241.6 -25.8
1.49 241.6 —25.8
l.48 241.7 —25.8
1.48 2641.8 -25.8
1.48 241.8 —25.9
1.48 241.9 -25.9
1.48 242.0 -25.9
1.48 242.0 -25.9
1.48 242.1 -25.9
L.48 242.1 -25.9
1.48 242.2 -25.9
1.48 242.3 -25.9
1.47 242.3 -26.0
1.47 242.4 —26.0
1.47 242.5 -26.0
1.47 242.5 -26.0
1.47 242.6 -26.0
1.47 242.7 -26.0
1.47 242.7 -26.0
1.47 242.8 -26.1
1.47 242.8 -26.1
1.47 242,9 -26.1
146 243.0 -26.1
l.46 243.0 -26.1
1.46 243.1 —26.1
la46 243,22 -26.1
1l.46 243.2 -26.1
1.46 243.3 -26.2
1l.46 243.4 -26.2
1.46 263.4 -26.2
lo46 243.5 -26.2
1.45 243.6 -26.2
1.45 2643.6 -26.2
1.45 243.7 -26.2
1.45 243.7 —~26.2
1.45 243.8 -26.3
1.45 243.9 -26.3
1.45 263.9 —26.3
1.45 244.0 -26.3
1.45 244.1 -26.3
1.45 244.1 -26.3
ledd 244.2 -26.3
lo4s 244.3 -26.3
1.44 244,3 -26.4
1,464 244.4 2644
le4s 244.5 -26.4
lobt 264.5 —26.4
1o4b 244,6 -26.46
l.44 264.6 -26.4
1.44 264,7 ~26.4
1.43 244.8 -26.4
1.43 244.,8 -26.5
1.43 244.9 -26.5
1.43 245.0 -26.%
1.43 245.0 -26.5
1.43 245.1 -26.5
1.43 245.2 -26.5
1e43 245.2 -26.5
1.43 245.3 -26.5
1.43 245.4 —26.56
1.42 245.4 -26.6
1,42 245.5 -26.6

CDIST

30.68
30.82
30.96
31.07
31.16

31.22
31.26
31.27
31.25
31.20

31.12
31.02
30.89
30.75
30.59

30,42
30.25
30.08
29.92
29.76

29.62
29.50
29.40
29.33
29.28

29.27
29.28
29.32
29.39
29.48

29.60
29.74
29.89
30.05
30.22

30.39
30.55
30.71
30.85
30.98

31.09
31.17
31.23
31.26
31.26

31.23
31.17
31.09
30.98
30.85

30.70
30,54
30.138
30.20
30.03

29.87
29.72
29.58
29.47
29.37

29.31
29.27
29,26
29.28
29.33

29.41
29.51
29.53
29.77
29.92

30.09
30.25
30,62
30.59
30.74

30.88
31.01
31.11
3l.18
31.23

31.26
31.25
31.21
31.15
31.06

30.52
30.5?
30.51
30.51
30.51

30.50
30.50
30.50
30.49
30.49

30.48
30.48
30.48
30.47
30.47

30.47
30.46
30.46
30.46
30.45

30.45
30.44
30.44
30,44
30.43

30.43
30.43
30.42
30.42
30.42

30.41
30. 41
30,40
30.40
30.40

30.39
30.39
30.139
30.38
30. 38

30.38
30.37
30.37
30.37
30.36

30.36
30.35
30.35
30.135
30.734

30. 34
30.34
30.33
30. 33
30,33

30.32
30.32
30.32
30.31
30.31

30.31
30.30
30.30
30.30
30.29

30.29
30.29
30.28
30,28
30.28

30.27
30.27
30.27
30.26
30.26

30.26
30.25
30.25
30.25
30.24

30.24
30.24
30.23
30.23
30.23

LONG

191.4
191.4
191.5
191.6
191.6

191.7
191.8
191.8
191.9
192.0

192.0
192.1
192.2
192.2
192.3

192.4
192.4
192.5
192.6
192.6

192.7
192.8
192.8
192.9
193.0

193.0
193.1
193.2
193.2
193.3

193.4
193.4
193.5
193. 6
193.7

193.7
193.8
193.9
193.9
194.0

194.1
194.1
194.2
194.13
194.3

194.4
194.5
194.5
194.6
194.7

19.7
194.8
194.9
19.9
195.0

195.1
19%.1
19%.2
195.3
195. 4

195.4
195.5
195.6
195.6
195.7

195.8
195.8
195.9
196.0
19¢.0

19¢.1
196.2
196.2
196.3
196.4

196.4
196.5
196.6
196.7
19¢€.7

196.8
196.9
19¢6.9
197.0
197.1

PLUTO
LAY

16.99
16,99
17.00
17,00
17.00

17.00
17.01
17.01
17.01
17.02

17.02
17.02
17.02
17.03
17.03

17.03
17.03
17,06
17.04
17.04

17.04
17.05
17.05
17.05
17.05

17.05
17.06
17.06
17.06
17.06

17.07
17.07
17.07
17. 07
17.07

17.08
17.08
17.08
17.08
17.08

17.09
17.09
17.09
17.09
17.09

17.10
17.10
17.10
17.10
17.10

17.10
17.11
17.11
17.11
17.11

17.11
17.11
17.12
17.12
17.12

17.12
17.12
17.12
17.13
17.13

17.13
17.13
17.13
17.13
17.13

17.13
17.14%
17.14
17.14
17.14

17.14
17.1%
17.14
17.14
17.156

17.15
17.15
17.15
17.15
17.15

RAS DECS

147.6
147.6
147.7
147.8
147.8

147.9
148.0
148.0
148.1
148.2

148.2
148.3
1648.3
168.4
148.5

148.5
148.6
148.7
168.7
148.8

148.9
148.9
149.0
149.1
149.1

149.2
149.2
149.3
149.4
149.4

149.5
149.6
149.6
149.7
149.8

149.8
149.9
150.0
150.0
150.1

150.2
150.2
150.3
150.4
150.4

150.5
150.5
150.6
150.7
150.7

150.8
150.9
150.9
151.0
151.1

151.1
15t.2
151.3
151.3
151.4

151.5
151.5
151.56
151.7
151.7

151.8
151.9
151.9
152.0
152.0

152.1
152.2
162.2
152.3
152.4

152.4
132.5
152.6
152.6
152.7

152.8
152.8
152.9
153.0
153.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0
0.0
0.0
0.0

0.0
0.0

CDIST

31.48
31.47
31.44
31.39
31.30

31.20
31.07
30.93
30.77
30.61

30.44

30.27
30.11
29.96
29.82

29.71
29.61
29.55
29.51
29.50

29.52
29.56
29.64
29.73
29.85

29.98
30.12
30.28
30.43
30.59

30.74
30.R8
31.01
31.12
31.21

31.28
31.32
31.34
31.33
31.30

31.23
31.15
31.04
30.91
30.76

30.60
30.44
30.27
30.10
29.94

29.79
29.55
29.55
29 .46
29.40

29.37
29.37
29.39
29.45
29.52

29.63
29.74
29.88
30.03
30.18

30.34
3N.49
30.64
30.78
30.91

31.01
3.1
31.16
31.20
31.22

31.20
3l.16
31.09
31.00
30.89

30.75
30.50
30.44
30.27
30.11
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43900.0
43910.0
43920.0
43930.0
43940.0

43950.0
43960.0
43970.0
43980.0
43990.0

44000.0
44010,0
44020.0
44030.0
44060.0

44050.0
44060.0
440T70.0
44080.0
44090.0

44100.0
44110.0
44120.0
44130.0
44140,0

44150.0
44160.0
44170.0
44180.0
44190.0

4420040
44210.0
44220.0
44230.0
44240,0

44250.0
44260.0
44270.0
44280.0
44290.,0

44300.0
44310.0
44320.0
44330.0
44340.0

44350.0
4436040
4437T0.0
44380,0
44390.0

44400.0
44410.0
44420.0
44430,0
44460,0

44450.0
44460,0
446470,0
46448040
446490,0

44500.0
44510.0
4452040
44530.0
46540.0

4455040
44560 .0
44570.0
44580.0
44590.0

44600.0
44610.0
44620.0
44630.0
44640.0

4465040
44660.0
44670.0
4468040
44690.0

4470040
447T10.0
44720.0
46730.0
4474040

DATE

1979
1979
1979
1979
1979

1979
1979
1979
1979
1979

1979
1979
1979
1979
1979

1979
1979
1979
1979
1979

1979
1979
1979
1979
1979

1979
1979
1979
1979
1979

1979
1979
1979
1979
1980

1980
1980
1980
1980
1930

1980
1980
1980
1980
1980

1980
1980
1980
1980
1980

1980
1980
1980
1980
1980

1980
1980
1980
1980
1980

1980
1980

1980

1980
1980

1980
1980
1980
1980
1980

1980
1981
1981
1981
1981

1981
1981
1981
1981
1981

1981
1981
1981
1981
1981

JAN
FEB
FEB
FEB
MAR

MAR
AR
APR
APR
APR

MAY
MAY
MAY

JUN

SEP
SEP

acY
T
acT
NIV
NIV

NIV

JAN

SEP

acr

NIV
N2V
NQv
nEcC
NEC

NDEC
JAN
JAN
JAN
FEB

FEB
FEB
MAR
AR
VAR

APR
LEES
ApR
MAY
YAY

26 .5

15.5
25.5
7.5

17.5
27.5

6.5
16.5
26.5

6.5
16.5
26,5

15.5

11.5
21.5

0.5
10.5
2045

1.5
11.5
21.5

10.5

14.5
2445

6.5
1645
2645

R

18.67
18.67
18.67
18.67
18.67

18.67
18.67
19.68
18.68
18.68

18.68
18.68
18.68
18.69
18.69

18.69
18.69
18.69
18.69
18.70

18.70
18.70
18.70
18.70
18.70

18.71
18.71
18.71
18,71
18,71

18.71
18.71
18.72
18.72
18.72

18.72
18.72
18.72
18.73
18.73

18.73
18.73
18.73
18.73
1R, 74

18.74
18.74
18.74
18.74
18.74

18.75
18.75
18.75
18.75
18.75

18.75
18.76
18.76
18.76
18.76

18.76
18.76
18.77
18.77
18,77

18.77
18.77
18.77
18.78
18.78

18.78
18.78
18.78
18.78
18.79

18.79
18.79
18.79
18.79
18.80

18.80
18.80
18.80
18.80
i8.80

LONG

2215
221.6
227.7
227.9
228,0

22841
228.2
228.4
228.5
228.6

228. 7
228.9
229.0
229.1
229.2

229.3
229.5
229. 6
229.7
229.8

230.0
230, 1
230.2
230.2
230.5

230.6
230.7
230.8
231.0
231.1

231.2
231.3
231.4
231.6
231.7

231.8
231.9
232.1
232.2
232.3

232.4
232, 6
232, 7
232.9
232.9

233.0
233,2
233.3
233.4
233.5

233.7
233.8
233.9
234.0
23441

234.3
234.4
234.5
234, 6
234.8

234,9
23%.0
235.1
235.2
235.4

235.5
235. 6
2315.7
235.9
236,0

236.1
23642
236.4
236.5
236.6

236.7
236.8
237.0
237.1
237.2

237.3
237.4
237.6
237.7
237.8

URANUS

LAY

0.3%
0.34
0. 34
0.34
0.34

0.34
0. 33
0.33
0. 33
0.33

0.33
0.33
0.32
0.32
0.32

0. 32
0432
0,32
0.32
0.31

0. 31
0. 31
0. 31
0. 31
0.31

0. 30
0. 30
0,30
0. 30
0. 30

0. 30
0. 30
0.29
0. 29
0.29

0.29
0. 29
0,29
0. 28
0.28

0.28
0.28
0.28
0.28
0,28

0.27
0.27
0.27
0.27
0. 27

0.27
0.26
0. 26
0. 26
0.26

026
0. 26
0.26
0.25
0.25

0.2%
0.25
0. 25
0. 25
0.24

0.24
0,24
0.24
0. 24
0. 24

0.23
0,23
0.23
0.23
0.23

0.23
0.23
0.22
0. 22
0.22

0.22
0,22
0,22
0.21
0.21

RAS

345.9
345,9
345.8
345.7
345,7

345.6
365.5
345, 4
345,46
345.3

345.2
345,2
345, 1
345.0
344.9

344.8
344.8
364,77
344.6
344,.5

344,5
364, %
344,13
344,2
34401

344, 0
344.0
343.9
343.8
343.7

343.6
343.5
343.4
343.4
343,3

343,2
343.1
343,0
242.9
342.8

342.7
342.6
342.5
34244
342.3

342.2
342,11
342.0
341.9
341,.8

341.7
341.6
341.5
341.4
341.3

341.2
341,11
341.0
340.9
340. 8

340. 6
340.5
340. 4
340.3
340.2

340.1
339.9
339.8
339, 7
3396

339.5
339,13
339, 2
339.1
339.0

338.8
338.7
338. 6
338.4%
338.3

338.2
338. 0
337.9
337.7
337.6

DECS

50.3
50.%
50.5
50.7
50.8

60.9
51.0
51.1
51.3
61.4

61.5
51.5
61.7
61.9
62.0

62.1
52.2
5243
62.4
52.6

52.7

52.9%
52.9

54.9

PLANET ARY EPHEMERIS
HELIOCENTRIC

CDISY

13.8%
18.72
18.55
18.39
18.23

18.08
17.95
17.84
17.76
17.70

17.67
17.58
17.71
17.77
17.86

17.97
18.10
18.25
18.40
18.57

18.74
18.91
13 .07
13.22
19.35

19 .47
19.57
13.64
19.568
19.70

19.69
19.55
19.59
19.50
19.39

19.26
19.11
18.95
18.78
18.61

18 .44
18.29
18.14
18.01
17.90

17.82
17.76
17.73
17.74
17.717

17.83
17.92
18.03
18.15
18.31

18.47
18,63
13.80
18.97
19.13

19.28
17.41
19.53
19.63
19.70

19.74
13.76
19.75
13.71
19.65

19.56
13.45
19.31
19.16
13.00

18.84
13.57
18.50
18.34
18.19

18.07
17.956
17.88
17.82
17.739

ECLIPT IC COODRDIVATES

R

1.27
3%.27
30.27
33.27
30.27

33.27
33.27
30 .27
30.27
30.27

30.27
30.27
30.27
33.27
30.27

30.27
3).27
30.27
30.27
30 .27

30.27
33.27
33.27
30.27
3).27

33.27
33.27
33.27
3%.27
30.27

3).27
3).27
39.27
30.27
30.27

30.27
3).27
30.27
30.27
30.27

30.27
30 .26
30.26
3026
30 .26

33.26
3) .26
30.26
30 .26
30.26

30.26
33 .26
30 .26
3) .26
33 .26

30.26
3).7%
3] .26
30.26
30 .26

30 .26
33.26
33 .26
33 .26
30.26

30.26
3).26
30 .26
30 .26
33.256

30.26
3).26
30 .26
33 .26
30 .26

30.26
33.26
30.26
30.26
30.26

30.26
3).26
30 .26
30.26
32.26

33

LONG

258.1
258.1
258.2
258,.2
258.3

258.4
258 .4
258.5
258.5
258.6

258.7
258.7
258.8
258.8
258.9

258.9
259.0
259.1
259.1
259.2

259.2
259.3
259.4
259.4
259.5

259.5
259.6
259.7
259.7
259.8

259.8
259.9
260.0
260.0
260.1

260,1
260.2
260.2
260.3
260.4

26044
260.5
260.5
260.6
260.7

260.7
250.8
260.8
260.9
261.0

261.0
261.1
261.1
261.2
261.2

261.3
261.4
261.4
261.5
261.5

261.6
261.7
261.7
261.8
261.8

261.9
252.0
262.0
262.1

262.1

262.2
262.3
262.3
26244
262.4

262.5
262.5
262.6
262.7
262.7

262.8
262.8
262.9
263.0
263.0

NEPTUNE

LAY RAS DECS
1642 245.6 -26.6
1.42 245.6 -26.6
1.42 245.,7 -26.6
1.42 245.7 —266
1.42 245.8 -26.6
1.42 245.9 ~26.6
1.42 245.9 ~26.7
1.4l 24640 ~26.7
le&l 246.1 -2647

1.41

l.41
1.41
1.41
1.41
1.41

1.41
1.40
1.40
1.40
1.40

1.40
1.40
1.40
1.40
1.40

1.39
1.39
1.39
1.39
1.39

1.39
1.39
1.39
1.39
1.38

1.38
1.38
1.38
1.38
1.38

1.38
1.38
1.37
1.37
1.37

1.37
137
1.37
1.37
1.37

1.37
1.36
1.36
1.36
1.36

1.36
1.36
1.36
1.36
1.35

1.35
1.35
1.35
1.35
1.35

1.35
1.35
1.35
1.34
1.34

1.34
1.34
1.34
1.34
1.34

1.34
1.33
1.33
1.33
1.33

1.33
1.33
1.33
1.33
1.32

246.1 -26.7

266.2 -26.7
24643 ~26.7
246.3 ~26.7
246.4 26,7
246.5 -26.7

246.5 ~26.8
246.6 —26.8
246.7 ~26.8
246.7 -26.8
246.8 ~26.8

246.8 —-26.8
246.9 -26.8
247.,0 ~26.8
247.0 -26.8
247.1 -26.9

24T7.2 —26.9
24T.2 -26.9
267.3 —26.9
24T .4 —26.9
2474 -26.9

24T7.5 -26.9
247.6 —26.9
247.6 —26.9
247.7 —27.0
247.8 -27.0

247.8 —-27.0
247.9 -27.0
248.0 -27.0
248.0 -27.0
248.1 -27.0

24841 -27.0
248.2 -27.0

248.3 —-27.1
248.3 -27.1
248.4 -27.1
248.5 —-27.1
248.5 -27.1
248.6 -27.1
248.7 -27.1
248.7 -27.1
248.8 -27.1

248.9 -27.1
24849 -27.2
249.0 -27.2
249.1 -27.2

249.1 -27.2
249.2 -27.2
249.3 -27.2
249.3 -27.2
249.4 -27.2

249.5 -27.2
2649.5 -27.2
249.6 -27.3
249.6 -27.3
249.7 -27.3

249.8 —-27.3
249.8 -27.3
249.9 -27.3
250.0 —-27.3
250.9 -27.3

250.1 -27.3
25042 -27.3
250.2 -27.4
250.3 -27.4
25044 =27.4

2504 —27.4
250.5 ~27.4
25046 —27.4
2506 —2T.4
250.7 -27.4

250.8 -27.4
250.8 ~27.4
250.9 -27.5%
251.0 -27.5
251.0 -27.5

CDIST

30.94
30.81
30.66
30.50
30.33

30.15
29.98
29.82
29.68
29.54

29.43
29.35
29.29
29.26
29.26

29.28
29.34
29.42
29.53
29.66

29.80
29.96
30.12
30.29
30.46

30.62
30.77
30.91
31.03
31.12

31.19
31.24
31.25
31.24
